Acta Agronomica by unknown
ACTA 
AGRONOMICA 
A C A D E M I A E S C I E N T I A R U M 
H U N G A R I C A E 
E D I T O R I A L B O A R D 
C H A I R M A N 
S . R A J K I 
A. H O R N , P. K O Z M A , G. L Á N G , G. A . M A N N I N G E R , T. M Á T H É , 
I. S Z A B O L C S , I . T A M Á S S Y 
M A N A G I N G E D I T O R 
G Y . P Á L 
T O M U S X X V I I F A S C I C U L I 1 - 2 
A K A D É M I A I K I A D Ó . B U D A P E S T 
1 9 7 8 
ACTA AGRON. HUNG. 
ACTA AGRONOMICA 
A M A G Y A R T U D O M Á N Y O S A K A D É M I A 
A G R Á R T U D O M Á N Y I K Ö Z L E M É N Y E I 
A zzerketztő bizottság elnökei 
RAJKI SÁNDOR 
Szerkesztő : 
PÁL GYULA 
S Z E R K E S Z T Ő S É G É S K I A D Ó H I V A T A L : 1 0 5 4 B U D A P E S T , A L K O T M Á N Y U T C A 2 1 . 
Az Acta Agronomica angol nyelven közöl értekezéseket az agrártudomány tárgy-
köréből, főképpen a mezőgazdasági alapkutatások területéről. 
Az Acta Agronomica vá l tozó terjedelmű füzetekben jelenik meg, több füzet alkot 
egy kötetet. 
A közlésre szánt kéziratok a következő címre küldendők: 
Acta Agronomica 
2462 Martonvásár, Postafiák 19. 
Ugyanerre a címre küldendő minden szerkesztőségi és kiadóbivatali levelezés. 
Megrendelhető a belföld számára az Akadémiai Kiadónál (1363 Budapest, Pf . 24 
Bankszámla 215-11488), a külföld számára pedig a „Kultura" Külkereskedelmi Vállalatnál 
(1389 Budapest, 62, P. 0 . B. 149. Bankszámla: 218-10-990) vagy annak külföldi képvisele-
teinél. 
The Acta Agronomica publishes papers in English on agronomical subjects, mos t ly 
on basic research. 
The Acta Agronomica appears in one volume (four issues) a year. 
Manuscripts should be addressed to: 
Acta Agronomica 
H-2462 Martonvásár, Postafiák 19. 
Subscription: $ 36.00 a vo lume . 
Orders m a y be placed with "Kultura" Foreign Trading Company (H-1389 Budapes t 
62, P. O. B. 149, Bank Account N o . 218-10-990) or i ts representatives abroad. 
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TOM 2 7 - В Ы Л . 1-2. 
РЕЗЮМЕ 
Д В Е РАЗНОВИДНОСТИ ЛИПИДА В МИОЗИНЕ. АНИЗОТРОПИЯ ЛИПИДНОГО 
КЕЛАТА И ВЗАИМООТНОШЕНИЕ КОМПЛЕКСОВ С ИОНАМИ Mg-+ и Са2+ 
И ОСНОВНЫХ АМИНОКИСЛОТ 
IIJ. Ф А З Э К А Ш , И. О В А Р И , В. С Е К Е Ш Ш И - Х Е Р М А Н Н , Э.ТАТРАИ 
В настоящей работе показано, что из миозина с помощью смеси хлороформа и ме-
танола можно получить смешанную фосфо-липидную фракцию (L,), а также фракцию, 
изолируемую ацетоном (U). Главным компонентом у L, является лецитин, а у L, почти 
исключительно, фосфатидил зтаноламин. У последнего 60% всех жирных кислот является 
ненасыщенной кислотой и намного более самоокислительной, чем фракция L,. Оба липида 
являются нативными и на поляризирующих снимках образуют миэлиновые рисунки; иод 
влиянием основных аминных кислот получаются интеракционные, а под влиянием двух-
валентных металлических ионов кристаллы типа келата, или образуются агрегаты, анизо-
тропия которых варьирует. Интеракционные и келатные кристаллы липидов, далее при-
сутствие келатной модели миозина доказывает, что липид является интегральной частью 
молекулы миозина и специфические липиды участвуют в поддержании конструкции и 
энзимной активности белков. Липиды и изменённые условия белка через металлические 
ионы модифицируют некоторые фазы энзимной деятельности. 
И З У Ч Е Н И Е НЕДОСТАТКА МИКРОЭЛЕМЕНТОВ НА ПАСТБИЩАХ ВЕНГЕРСКОЙ 
ПУСТЫ ХОРТОБАДЬ 
А. САЛАИ, 3. Ш А М Ш О Н И , 3 . Ш И Р О К И , И. З Л - Х И А Т Е М И 
Представляется краткий отчет, составленный на основе обширного микроаналити-
ческого исследования содержания микроэлементов у образцов фуражных растений, 
собранных на алкалических солончаковых почвах венгерской пусты Хортобадь. Фуражные 
растения по средним показателям везде характеризируются недостатком Zn, Си и Fe. 
Недостаток Ми незначительный, за исключением некоторых мест. Растения в достаточной 
мере снабжены В и Mo; почвы являются богатыми всеми микроэлементами, однако алка-
лиды иммобилизуют катионы Fe, Ми, Zn и Си и таким образом они становятся трудно дос-
тупными для растений. В и Mo для растений доступны, потому что при данных условиях 
pH они находятся в форме анионов. Проблемы разведения овец, наблюдающиеся в течение 
долгих лет, объясняются недостатком микроэлементов в корме на этих пастбищах. 
В Л И Я Н И Е УРОВНЯ И ИСТОЧНИКА КОРМОВОГО ПРОТЕИНА НА Н Е К О Т О Р Ы Е 
СОСТАВНЫЕ ЭЛЕМЕНТЫ К Р О В И У Г И Б Р И Д Н Ы Х ЯГНЯТ 
Ш. МАХМОУД, Б . ЮХАС, Б . С Е Г Е Д И 
В экспериментах, проведенных с гибридными ягнятами Suffolk х Венгерское мерино, 
исследовали влияние уровня и источника кормового протеина на некоторые составные 
элементы крови. Результаты показали, что с увеличением азота в крови не увеличивается 
достоверно ни общий протеин, ни общее количество аминных кислот. В то же время, 
концентрация карбамида в плазме достоверно повышалась. Несмотря на то, что кормовой 
карбамид повысил его уровень в плазме, однако, вследствие этого, общее количество про-
теинов и аминных кислот в плазме крови не изменилось. 
Б И О П О Л И М Е Р Н Ы Е МЕТАЛЛ-СОДЕРЖАЩИЕ К О М П Л Е К С Н Ы Е СИСТЕМЫ. II. 
Ф И З И Ч Е С К И Е СВОЙСТВА Г У М И Д Н Ы Х ВЕЩЕСТВ И ИХ МЕТАЛЛ СОДЕРЖАЩИХ 
КОМПЛЕКСОВ 
Ш. ШИПОШ, Э. Ш И П О Ш , И. Д Э К А Н Ь , А .ДЕЭР, Й. М Е И С Е Л , Б. Л А К А Т О Ш 
Путём аналитического ультрацентрифугирования и метода гель-фильтрации был 
определён молекулярный вес (mwt) и распределение молекулярного веса гумидных ве-
ществ и металл-содержащих гуматов различного происхождения, как функция pH и 
электролитной концентрации. I. Средний молекулярный вес (mwt), размер и форма части-
чек подтверждают наличие молекулярных агрегатов в водном растворе. Эти агрегаты 
быстро распадают в условиях повышенного pH. 2. Изменение mwt гумидных кислот раз-
личного происхождения и возраста, и их поведение как функция pH, подтверждает тот 
факт, что в дополнение к возрасту образца все условия превалирующие во время изменения 
комплекса нужно учитывать при разъяснении коллоидной структуры. 3. Трёхвалентные 
металлические ионы увеличивают молекулярный вес гумидных кислот почти экспонен-
циально, в то же время двухвалентные катионы вызывают только линеарное увеличение. 
Влиянием ионов магния можно пренебречь даже при высоких концентрациах элекро-
литов. 4. Полидисперсия исследовалась с помощью декстран-гель-фильтрации и определе-
но распределение mwt. 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 27 (1—2), pp. 1—15 (1978) 
TWO VARIATIONS OF LIPID IN MYOSIN. 
ANISOTROPY OF LIPID CHELATE AND 
INTERACTION COMPLEXES WITH Mg2h AND Ca2^ 
IONS AND BASIC AMINO ACIDS 
By 
S . F A Z E K A S , I . Ó V Á R Y , V . S Z É K E S S Y - H E R M A N N , Б . T Á T R A I 
2 N D I N S T I T U T E O F C H E M I S T R Y A N D B I O C H E M I S T R Y , C L I N I C OF P S Y C H I A T R Y , 
S E M M E L W E I S M E D I C A L U N I V E R S I T Y O F B U D A P E S T , T É T É N Y I S T R E E T H O S P I T A L , B U D A P E S T 
Г 
The p r e s e n t p a p e r shows t h e possibili ty of u s i n g a m i x t u r e of ch loroform a n d 
m e t h a n o l to o b t a i n a mixed phospho l ip id f r a c t i o n ( L J and an a c e t o n e e x t r a c t a b l e 
f r a c t i o n (Lo) f r o m KCl myos in . T h e m a i n , P -con ta in c o m p o n e n t of L j is lec i th in , while_t2 
consists a lmos t en t i re ly of p h o s p h a t i d y l e t h a n o l a m i n e . More t h a n 6 0 % of t h e f a t t y ac ids 
in the l a t t e r a re u n s a t u r a t e d a n d c a n be au toox id i sed m u c h more c o m p l e t e l y than in L , . 
B o t h lipids are na t ive , and d e v e l o p myelin f i g u r e s in po la r i za t ion exposures : t he se 
t a k e the f o r m of in t e rac t ion c r y s t a l s or aggregates u n d e r the i n f l u e n c e of basic a m i n o 
acids , and of c h e l a t e t y p e c r y s t a l s or aggregates of d i f f e r en t a n i s o t r o p y when exposed 
to me ta l ions. T h e in te rac t ion a n d che la te c rys t a l s of l ipids, as well a s t h e existence of 
t he che la te m o d e l of myosin i n d i c a t e t h a t lipid is a n in tegra l pa r t of t h e myosin mole-
cule a n d the speci f ic lipids t a k e p a r t in m a i n t a i n i n g t h e s t r u c t u r e a n d e n z y m e a c t i v i t y 
of prote in . T h r o u g h the meta l ions , on the o the r h a n d , t h e c h a n g e d re la t ion of l ip ids 
a n d pro te in h a s a modi fy ing e f f e c t on the i n d i v i d u a l phases of t h e e n z y m e a c t i v i t y . 
I n t r o d u c t i o n 
A c c o r d i n g t o LYNN (1965) m y o s i n has a 4 % lipid c o n t e n t wh ich c a n n o t 
b e r e m o v e d , b u t o n l y r educed w i t h lipid s o l v e n t s . Our e x p e r i m e n t s showed 
a m u c h h igher l ip id c o n t e n t e v e n in c h r o m a t o g r a p h i c a l l y p u r i f i e d m y o s i n . 
I n f a c t , a c o n s i d e r a b l e a m o u n t of l ip id is r e m o v e d in each p h a s e of p u r i f i c a t i o n , 
y e t t h e p u r i f i e d m y o s i n is o b t a i n e d w i t h a d e f i n i t e lipid c o n t e n t . W h e n e x t r a c t -
ed w i t h a m i x t u r e of Chi : MeO II t h e lipid c o n t e n t of myos in c a n only be s u b -
s t a n t i a l l y r e d u c e d a f t e r a long p r o c e s s of t r e a t m e n t . C h r o m a t o g r a p h i c p u r i f i -
c a t i o n , h o w e v e r , r e s u l t e d in s e v e r a l myos in f r a c t i o n s wi th d i f f e r e n t lipid con -
t e n t s a n d A T P - a s e ac t iv i t i e s . T h e l ip id of m y o s i n is m a i n l y l e c i t h i n and p h o s -
p h a t i d y l e t h a n o l a m i n e . In t h e o p e n air t h e i s o l a t e d lipid q u i c k l y pe rox id i zes 
a n d i t s I l f - v a l u e , on a T L C p l a t e covered w i t h Sil ica G, u n d e r g o e s a c h a n g e . 
T h e f l u o r e s c e n c e m a x i m u m of pe rox id i zed l ip ids sh i f t s to h i g h e r w a v e l e n g t h s 
a n d a l w a y s b r e a k s u p i n t o s e v e r a l m a x i m a s h o w i n g t h e h e t e r o g e n e i t y of t h e s e 
l i p i d s (FAZEKAS et al. 1973) . 
1 Acta Agronomica Academiae Scientiarum Hungaricae 27, 1978 
2 S. F A Z E K A S et al. 
M y o s i n d e l i p i d a t e d w i t h t h e C h i : M c O H m i x t u r e is n o t t o t a l l y f r e e o f 
l i p i d s . S o w e se t o u r s e l v e s t h e o b j e c t i v e of i s o l a t i n g t h i s c l o s e l y b o u n d l i p i d 
a n d d e c i d i n g w h e t h e r t h e l i p i d s o f m y o s i n h a d a n y o r g a n i z i n g a c t i o n . S i n c e 
t h e l i p i d s o r i g i n a t e f r o m t h e m y o s i n o f a s i n g l e m u s c l e (m. long, dorsi), w e a r e 
j u s t i f i e d i n t h i n k i n g o f t h e s e l i p i d s a s d i s p l a y i n g a n o r g a n i z i n g a c t i v i t y b e t w e e n 
t h e m o l e c u l e s of m y o s i n a n d i t s s u b c o m p o n e n t s , o r w i t h i n t h e p e p t i d e c h a i n 
a l t h o u g h w e n o t i c e d e a r l i e r t h a t t h e c h r o m a t o g r a p h i c a l l y r e m o v a b l e l i p i d h a d 
n o s i g n i f i c a n t e f f e c t o n t h e A T P - a s e a c t i v i t y of m y o s i n , o n t h e c o n t r a r y , t h e 
r e d u c e d l i p i d c o n t e n t l e d t o a s l i g h t i n c r e a s e in t h e e n z y m e a c t i v i t y . H o w e v e r , 
t h e l i p i d s o l v e n t t r e a t m e n t , b e s i d e s d e c r e a s i n g t h e l i p i d c o n t e n t o f m y o s i n , 
r e s u l t s i n s u b s t a n t i a l s t r u c t u r a l c h a n g e s : t h e m y o s i n a g g r e g a t e s a n d i t s A T P -
a s e a c t i v i t y c e a s e s . C o n s e q u e n t l y w e d e c i d e d t o e x a m i n e t h e i n t e r a c t i o n t e n -
d e n c y o f l i p i d s a n d t h e i r c a p a c i t y t o f o r m c h e l a t e c o m p l e x e s , a n d t o c o r r e l a t e 
t h e m w i t h t h e l i p i d c o n t e n t of m y o s i n . 
M a t e r i a l a n d M e t h o d 
Myos in was prepared f r o m a single musc le (m. long, dorsi) of rabbi t , as earl ier described 
in deta i l (FAZEKAS et al. 1974). The reason for p repar ing the myos in f r o m a single k ind of muscle 
was to avo id disturbances caused by the " c h r o m a t o g r a p h i c heterogenei ty of m y o s i n " . 
W e extracted the u l t racen t r i fuged m y o s i n solution (20—40 mg/ml) wi th 10 volumes 
of Chi : M e O H 2 : 1 reac t ion mixture , t a k i n g care to add f i r s t t he methanol a n d then the 
ch loroform to the myosin. E x t r a c t i o n was r e p e a t e d three t imes. T h e aqueous phase was remov-
ed a n d t h e lipid f rac t ions combined ( f rac t ion Lx) . All phases of lipid isolation were carried 
out a t 0°C. 
T h e prote in-conta in ing phase was m i x e d wi th 10 ml dist i l led water, t h e n wi th 90 ml 
acetone, a n d the mixture w a s left to s t and in a refrigerator. E x t r a c t i o n was r e p e a t e d twice 
with a 9 0 % aqueous solut ion of acetone. T h e acetone f ract ions (L2) were combined and used 
fresh for t h e preparat ion of complexes. The r e s idue was used for p repa ra t ive purposes . In order 
to p r e p a r e lipid complexes t h e average molecu la r weight of t h e lipids was t a k e n as 760 g. 
The l ipids were used to f o r m the in terac t ion complexes of a m i n o acids and to develop the 
chelate complexes of Mg 2 + a n d C a 2 + . The mol /mol ratio of the c o m p o n e n t s was 1 : 1 0 . We used 
amino ac ids as free bases, cys te ine in the f o r m of hydrochloride a n d the metal ions as chloride 
salts. T h e molecular weight of myosin was t a k e n as 5 • 10°, and, fo r the format ion of interact ion 
p roduc t s , t h e joint amoun t of basic amino ac ids (Arg, Lys) and of cysteine, serine a n d histidine 
conta ined in the myosin (415, 208, 42, 228 a n d 79, according to t h e d a t a of amino acid analysis 
pe r fo rmed by WEEDS HABTIEY 1968) was t a k e n as roughly 1000. The ratio of m e t a l ions to 
myosin in tlie myosin che la t e complex-forming reaction m i x t u r e was ad ju s t ed accordingly 
to 1 : 800 (mol/mol). 
W e used a low concen t r a t ion solution of myosin (0.1 m g / m l in 0.5 M KCl) in producing 
the che la tes of metal ions. T h e p H of the m y o s i n , still at a high concentra t ion, was ad jus ted 
with K O H to 7.8—8.0: consequent ly in t h e microscope p r e p a r a t i o n only c rys t a l s of KCl 
appeared as by-products . 
To develop these complexes we m i x e d 0.05 ml of solut ion f rom each of t h e reaction 
pa r tne r s o n concave slides a n d added the s a m e volume of ace tone a t room t e m p e r a t u r e . The 
deve lopmen t of the f reshly fo rmed crystals xvas then observed, as were the changes which 
occurred in t h e m over nea r ly two months , w i t h o u t using a cover slide. 
T h e morphological appea rance and an i so t ropy of the complexes were s tud ied with 
a Zeiss E r g a v a l microscope fu rn i shed with a polarization piece (wi th a No. 4 compensator 
slide, in a diagonal position). T h e mic ropho tographs were taken using a Zeiss p l anapoch roma t 
16 X o b j e c t i v e and a Zeiss 3.2 X ocular, at a s t a n d a r d camera l e n g t h with a u t o m a t i c exposure, 
as d e s c r i b e d e a r l i e r (ÓVÁRY et al. 1977). 
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L I P I D IN MYOSIN A N I S O T R O P Y 3 
R e s u l t s 
T h e l i p i d f r a c t i o n ( L j ) i so la ted f r o m m y o s i n w i t h a 2 : 1 m i x t u r e s of 
Chi : M e O H is c o m p o s e d of s eve ra l c o m p o n e n t s , t h o u g h m o r e t h a n 6 0 % of 
i t is m a d e u p of l e c i t h i n , w h i c h t u r n s y e l l o w in t h e o p e n a i r a t a s l o w e r r a t e 
t h a n f r a c t i o n L„. 
O n t h e p o l a r i z a t i o n m i c r o p h o t o g r a p l i s t h e c r y s t a l l i n e f o r m s h a v e n e v e r 
b e e n o b s e r v e d , only c o a r s e a g g r e g a t e s w h o s e a n i s o t r o p y i n c r e a s e s in t i m e w i t h 
t h e a d v a n c i n g p rocess of a u t o - o x i d a t i o n ( F i g . 2a) . T h e c o a r s e a g g r e g a t e s a r e 
a / 
b / 
0.3-
0.2-
0.1-
f ract ion number ( 5 ml / f r ) 
Fig. 1. Chromatography of L t and L2 lipid f rac t ions on silica gel column. Efflueuts are : a) 
Chi : Meth. ex t rac ted lipid; b) acetone extracted lipid; • • Pi c o n s t a n t ; x—x n inhydr in r . 
(Chi : Meth . A 100 : 0; В = 99 : 1; С = 96 : 4; С, = 90 : 10; D = 7 : 1; D, = 3 : 1 ; 
E 2 : 1; E x = 1.5 : 1; F = 1 : 2; G - 1 : 4; H 0 : 100) 
d i s p e r s e d a n d t r a n s f o r m e d i n t o m i c r o c r y s t a l s of A T P - L , i n t e r a c t i o n c o m p l e x e s 
of i n t e n s i v e a n i s o t r o p y b y t h e A T P (b ) . T h e M g - L j c h e l a t e m i c r o c r y s t a l s , 
w h i c h a r e h i g h l y a n i s o t r o p i c w i t h M g 2 + i o n s b u t h e t e r o g e n e o u s , a re o r g a n i z e d , 
as t h e i r a g g r e g a t e s (c), a n d t h e y a p p e a r i n t h e f i e ld of v i e w of the m i c r o s c o p e 
w i t h i n a f e w m i n u t e s . C a - F , c o m p l e x e s f o r m e d w i t h C a 2 + ions (d) s h o w a n 
even m o r e i n t e n s i v e a n i s o t r o p y . B o t h c h e l a t e c o m p l e x e s d i s p l a y a c r y s t a l l i n e 
s t r u c t u r e w h e n p h o t o g r a p h e d in t h e i r n a t i v e f o r m . 
W e t r i e d t o p r o d u c e i n t e r a c t i o n c r y s t a l s of l ipid w i t h a l m o s t a m i n o a c i d , 
b u t o n l y t h e bas i c a m i n o a c i d s a n d t h e s u l p h u r - c o n t a i n i n g c i s t e ine s h o w e d 
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Fig. 2. He te rogeneous myelin f i gu re s of L, f rac t ion (a), anisotropic in te rac t ion rnicrocrystals 
of ATP-Lj (b), heterogeneous M g - L j chelate crystals (c), rough aggregates of Ca-Lj chela tes (d ) 
a c h a r a c t e r i s t i c i n t e r a c t i o n w i t h lipids ( F i g . 3). The c r y s t a l s of t he A r g - L , 
i n t e r a c t i o n c o m p l e x are n e e d l e s which t e n d t o aggrega te ( a , ) , or long n e e d l e -
shaped c r y s t a l s (a2), or, i n t h e case of a n a d e q u a t e c o n c e n t r a t i o n , c r y s t a l s 
aggrega ted f r o m sol i tary n e e d l e s in to b u n d l e s (a3). 
L y s i n e o rgan izes t h e l i p id of m y o s i n - L , in to h igh ly a n i s o t r o p i c L y s - L , 
rnicrocrystals. These c r y s t a l s a g a i n are c h a r a c t e r i z e d b y a t e n d e n c y to a g g r e -
ga t e . In t h e c a s e of an a d e q u a t e c o n c e n t r a t i o n t h e che la t e a p p e a r s in t h e f o r m 
of a c o m p a c t r o s e t t e (b). 
The o r g a n i z i n g a b i l i t y of cys te ine , w h i c h con ta ins a n S H - g r o u p , is v e r y 
r e m a r k a b l e , s ince the a n i s o t r o p i c f r a g m e n t s , cons is t ing of s h o r t s e g m e n t s , a r e 
a r r a n g e d in a f i n g e r p r i n t p a t t e r n (Fig. 4 a j ) . T h e a n i s o t r o p y of Cys-L , c o m p l e x e s 
becomes p e r c e p t i b l y s t r o n g e r a f t e r several w e e k s (a.,). Se r ine e x e r t s a d i s p e r s i n g 
ef fec t on t h i s l ip id f r ac t i on . I n t h e reac t ion m i x t u r e , a t t h e e d g e s of t h e m i c r o -
scopic f i e ld of v iew, the t i n y an i so t rop ic S e r - L , i n t e r a c t i o n c rys t a l s q u i c k l y 
a p p e a r (b3) , a n d t h e a n i s o t r o p y of the c r y s t a l s increases p a r a l l e l to the a g i n g 
of t h e p r e p a r a t i o n . 
H i s t i d i n e p roduces i t s e f f e c t a t a s l o w e r r a t e . T h e a r r a n g e m e n t of t h e 
a m o r p h o u s m a t e r i a l u n d e r t h e i n f luence of h i s t id ine c a n b e easily fo l lowed 
in t h e v i sua l f i e l d of the m i c r o s c o p e . T h e sausage - l ike f o r m s , wh ich are h a r d l y 
an i so t rop ic a t t h e b e g i n n i n g (cx), are t r a n s f o r m e d i n t o h i g h l y a n i s o t r o p i c 
c o m p a c t i n t e r a c t i o n c o m p l e x e s or even a g g r e g a t e s (c2). 
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A r g - L j interact ion c rys ta l s . Development of compact roset te- l ike aggregates of Lys-Lj 
crys ta ls (b) 
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A n o t h e r l i p id f r a c t i on (L„) c a n also b e r e m o v e d , n o t o n l y f r o m m y o s i n s 
e x t r a c t e d w i t h a m i x t u r e of Chi : M e O H , b u t f r o m t h e h e a v y c h a i n a f t e r t h e 
r e m o v a l of t h e l i g h t chains . T h e L 2 is r e m o v e d b y m e a n s of 9 0 % a q u e o u s ace-
t o n e e x t r a c t i o n . W h e n s e p a r a t e d on a silica gel l aye r w i t h t h e T L C m e t h o d 
i t a p p e a r s m o s t l y a lone as p h o s p h a t i d y l c h o l i n e a n d , in a s m a l l e r q u a n t i t y , in 
t h e place of l y s o p h o s p h a t i d y l d e r i v a t i v e s (F ig . 5). Th i s l ipid f r a c t i o n a u t o o x i -
d izes more r a p i d l y t h a n L , , a n d w h e n c o n c e n t r a t e d t r a n s f o r m s i n t o a b r o w n 
r e s i n o u s mass . 
The f r e s h a c e t o n e - l i p i d f r a c t i o n (L.,) is h i g h l y w a t e r so lub le a n d p r e s e n t 
i n s ign i f i ean t t h e di- and p o l y u n s a t u r a t e d b o u n d f a t t y ac ids . C r y s t a l l i n e f o r m s 
c o u l d not be o b t a i n e d on n a t i v e a n d po l a r i z a t i on exposures , o n l y r o u g h aggre-
Fig. 4. F ingerpr in t - l ike aggregates of Cys-L, during c rys ta l format ion (aj ) , and af ter their 
development (a,). Appea rance of microcrys ta l s of Ser-L, a t the edge of the p repara t ion (b,) 
a n d the fully deve loped microcrystals (b2). His-L, in te rac t ion aggregate in the course of devel-
o p m e n t (c t) and the fu l ly formed anisot ropic aggregates (c2) 
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g a t e s or f i n e l y d i s p e r s e d g l o b u l i ; p s e u d o s t r u c t u r e s f o r m e d of t i n y d r o p s 
r e s e m b l i n g p i n e b r a n c h e s w e r e o n l y f o u n d on n a t i v e p h o t o g r a p h s ( F i g . 6a) . 
W i t h A T P t h e t w i n - t h r e a d l a t t i c e - w o r k s t r u c t u r e of t h e l i p i d s is seen (b) . 
O n c lose e x a m i n a t i o n t h e t w i n - t h r e a d s t u r n o u t t o b e p s e u d o - t h r e a d s r u n n i n g 
p a r a l l e l , b e c a u s e t h e t h r e a d s w e r e o r g a n i z e d i n t o l a r g e r u n i t s f r o m t h e t r a n s -
v e r s a l need le s of t h e A T P - L 2 c r y s t a l s . 
L a r g e a g g r e g a t e s of M g - L 2 c h e l a t e c r y s t a l s , f o r m e d w i t h M g 2 + i ons , 
s h o w a n e x t r e m e l y h i g h a n i s o t r o p y (c), wh i l e t h e h e t e r o g e n e o u s m i c r o s c r y s t a l -
l i n e c h e l a t e s f o r m e d w i t h C a 2 + i o n s s h o w a l o w e r d e g r e e of a n i s o t r o p y (d) . 
T h e i n t e r a c t i o n c o m p l e x e s of L.,-lipid f o r m e d w i t h b a s i c a m i n o a c i d s 
a r e s h o w n in F i g . 7 . T h e h i g h l y a n i s o t r o p i c i n t e r a c t i o n c o m p l e x e s of a r g i n i n e , 
c o n s i s t i n g of n e e d l e c r y s t a l s (a x ) w i t h a c h a r a c t e r i s t i c s t r u c t u r e f o r m a g g r e g a t e s 
w i t h s t r u c t u r e s v e r y s imi la r t o t h a t of t h e A r g - L ] c o m p l e x ( F i g . 7a ] ) . T h e d e v e l -
o p m e n t of n e e d l e s a n d a g g r e g a t e s is c o n t i n u o u s ; t h e i r f o r m a t i o n is c l e a r l y 
s h o w n b y (a2) . 
А В 
Fig. 5. Chromatography of L2 on silica gel plate. (A) L2-lipid, (B) autooxidised L2-lipid scattered 
on chromatogram. Solvent system Chi : MeOH : water (65 : 25 : 4, v/v/v). Detected by HANES— 
ISHERWOOD (1949) 
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Fig. в. Amorphous f igures of L2 f ract ion (a), double pseudothread- l ike la t t ice-work of A T P L 2 
in te rac t ion chelate (b), being formed f r o m t ransversa l short needles. Strongly aniso t ropic 
Mg-I,2 crystal aggregates (c), a n d heterogeneous Ca-L2 microcrystals (d) 
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F r o m t h e L2-l ipid, l y s ine organizes a c h a r a c t e r i s t i c , a n i s o t r o p i c p s e u d o -
needle s t r u c t u r e cons is t ing of t i n y s e g m e n t s (b , ) , which a r e m u c h b e t t e r v i s i b l e 
on t h e n a t i v e p h o t o (b2), s ince i t can be s een he re t h a t s t r u c t u r e s r e s e m b l i n g 
mosses ( B r y o p h y t a ) grow o u t f r o m some of t h e highly a n i s o t r o p i c a g g r e g a t e s . 
Fig. 7. Deve lopmen t of Arg-L., in te rac t ion needle-aggregates (a,), a n d bunches of deve loped 
crystals ( a j . Moss-like fo rmat ion of Lys-L„ aggregates in polarisat ion ( h j and na t ive (b,) 
pho tog raphs 
W i t h cys t e ine t h e L 2 - l ip id f o r m s a cha rac t e r i s t i c l a t t i c e - t y p e C y s - L 2 
i n t e r a c t i o n c o m p l e x w i t h m o d e r a t e a n i s o t r o p y (Fig. 8 a j ) . T h i s s t r u c t u r e is 
a s t ab le f o r m a t i o n , t he m o r p h o l o g i c a l a p p e a r a n c e of w h i c h r e m a i n e d u n c h a n g-
ed for 2 m o n t h s , excep t t h a t i t s a n i s o t r o p y increased (a 2 ) . 
Se r i ne d i sorganizes t h e L2- l ipid i n t o t i n y , c h a r a c t e r i s t i c , h e t e r o g e n e o u s , 
spher ic or she l l - shaped s t r u c t u r e s . I t is imposs ib l e t o j u d g e t h e c o n t e n t s of 
t h e s e s t r u c t u r e s f r o m t h e i r s h a p e a lone, s i n c e some of t h e m a re e m p t y , w h i l e 
o t h e r s s e e m t o be f i l led (b ) . T h e spher ica l s t r u c t u r e s a re r e m a r k a b l e f o r t h e i r 
m e m b r a n e - l i k e a n i s o t r o p y , w h i c h c h a n g e s in pa tches . 
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Fig. S. Anisot ropic lattice-work of Cys-L, crystals, immedia te ly a f t e r appearance ( a ^ , a n d a 
week later (a,) . Myelin, and shell- l ike forms of Ser-L 2 interact ion aggrega tes (b). A m o r p h o u s 
pseudos t ruc tures due to the e f fec t of His. Polar isat ion (cj) and na t ive (c2) photographs of the 
His-L, s t r u c t u r e 
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Fig. 9. Appearance of g ian t myosin aggregates (a,) and pine branch-like f igures (a,) due to 
the ef fec t of M g 2 + + ions. Pine branch aggregates of Ca-Myosin chelate. R o u g h (b , ) and fine 
s t ruc tu re (b2) with secondary branches. R o u g h amorphous aggregate of myosin wi th Cu2 + 
ions (c) 
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His t id ine a p p a r e n t l y has n o o rgan iz ing e f f e c t on L2. T h e II is-L„ m i x t u r e 
a p p e a r s in t h e v i s u a l f ie ld of t h e mic roscope p a r t l y as a few a n i s o t r o p i c mic ro -
c r y s t a l s , and m o s t l y as an a m o r p h o u s m a s s (Cj). T h e n a t i v e p h o t o shows , 
h o w e v e r , t h a t t h e a m o r p h o u s m a s s has , in f a c t , a n inner s t r u c t u r e cons i s t ing 
of s c a t t e r e d rnicrocrystals or t i n y sphe res (c2), w h e r e the p e r i p h e r a l s p h e r e s 
s e e m t o be b l a c k a n d the i nne r o n e s whi t e . 
T h e i so la t ed l i p ids o r ig ina te f r o m the m y o s i n , while t he i n t e r a c t i n g a m i n o 
a c i d s arc the n o r m a l c o m p o n e n t s of t h e p e p t i d e c h a i n of m y o s i n . Th i s ra i ses 
t h e ques t ion of w h e t h e r the m y o s i n molecules s h o w any c h a r a c t e r i s t i c s t r u c -
t u r e w i t h the d i v a l e n t me ta l i o n s . I n order t o d e c i d e the q u e s t i o n we t r i e d 
t o d e v e l o p o r g a n i z e d aggrega te s t r u c t u r e s of m y o s i n in the m a n n e r descr ibed 
in t h e m e t h o d o l o g i c a l p a r t of t h e p a p e r , i.e. f r o m a low c o n c e n t r a t i o n m y o s i n 
s o l u t i o n . W i t h o u t d i v a l e n t m e t a l i o n s myos in d o e s n o t develop r e a l l y o rgan ized 
s t r u c t u r e s ; only a m o r p h o u s a g g r e g a t e s and K C l c r y s t a l s are seen in t h e v i sua l 
f i e l d of t he m i c r o s c o p e . Under t h e i n f l u e n c e of M g 2 + ions, on t h e o t h e r h a n d , 
g i a n t chela tes of l o n g , u n d u l a t i n g , l anceo la t e Mg-Myos in d e v e l o p (Fig . 9a , ) , 
t o t h e folds of w h i c h m a n y s m a l l e r agg rega te s m a y a t t a c h t h e m s e l v e s . I n t h e 
p r o t e i n de f i c i en t z o n e of the m i c r o s c o p i c f ie ld of v i s i o n t h i n n e r b u t m o r e aniso-
t r o p i c b r a n c h i n g c h e l a t e a g g r e g a t e s a re o r g a n i z e d (a„). The f o r m a t i o n is r emi -
n i s c e n t of a p ine b r a n c h . 
T h e s t r u c t u r e of t he C a - M y o s i n che la te f o r m e d u n d e r t h e i n f l u e n c e of 
C a 2 + ions is m u c h s t r o n g e r t h a n t h a t of t h e M g - c h e l a t e . A t t h e end of t h e 
l a t e r a l b ranches t h e a t t a c h m e n t of K C l c rys ta l s c a n be d e t e c t e d . I n t h e marg i -
n a l zone , which is p o o r e r in p r o t e i n , t h e f o r m a t i o n is of a f i n e r s t r u c t u r e , l ike 
p i n e b r a n c h e s , w h i l e in m a n y p l a c e s the f u r t h e r s t r u c t u r e of t h e b r a n c h e s 
a p p e a r s to be c o m p o s e d of a n i s o t r o p i c s p h e r e s a r r a n g e d p a r a l l e l t o each 
o t h e r (b„). 
I t should b e n o t e d t h a t o t h e r d i v a l e n t m e t a l ions do n o t d e v e l o p e orga-
n i z e d aggrega te s ; e . g . u n d e r t h e i n f l u e n c e of C u 2 + ions g ian t a g g r e g a t e s of 
a m o r p h o u s s t r u c t u r e a p p e a r in t h e v i s u a l f ie ld of t h e mic roscope (c) . 
Discuss ion 
T h e effect of d i v a l e n t m e t a l s o n l ipids a n d o n cells c o n t a i n i n g l a rge q u a n -
t i t i e s of lipid was r e p o r t e d r e c e n t l y b y SAGGERSON et al. (1976). C u m u l a t i v e 
d o u b l e - b o u n d f a t t y a c i d s and l ip ids c o n t a i n i n g u n s a t u r a t e d f a t t y a c i d s q u e n c h 
t h e f l uo re scence of p r o t e i n s and f r e e t r y p t o p h a n e , o r r educe it t o a m i n i m u m 
b y f o r m i n g i n t e r a c t i o n complexes w i t h t h e m (SKLAR et al. 1975). 
L ip ids , and e spec i a l l y p h o s p h o l i p i d s , a re t h e n o r m a l s t r u c t u r a l compo-
n e n t s of m a n y p r o t e i n s . C y t o c h r o m e oxidase , f o r e x a m p l e , c a n b e p r o d u c e d 
w i t h a p a r t i c u l a r l y h i g h lipid c o n t e n t (47 mol p h o s p h o l i p i d , i.e. 0 .49 m g l i p i d / m g 
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p r o t e i n ) , a n d this q u a n t i t y is n e c e s s a r y t o m a i n t a i n t h e s t r u c t u r e a n d f u n c t i o n 
of t h e e n z y m e . P a r t of t h e lipid c o n t e n t (0.17 m g / m g p ro t e in ) is b o u n d to t h e 
e n z y m e v e r y t i g h t l y , in an i m m o b i l i z e d s t a t e (JOST et al. 1973) . A c c o r d i n g 
to WARREN et al. (1974) some 30 m o l e c u l e s of l ip id a r e r e q u i r e d t o m a i n t a i n 
t h e C a 2 + - A T P - a s e e n z y m e ac t i v i t y of t h e s a r c o p l a s m i c r e t i c u l u m . If t h e l ipid 
c o n t e n t of t h e e n z y m e decreases t h e a c t i v i t y is i r r e v e r s i b l y los t . T h e l ipid is 
b o u n d in a rigid i m m o b i l i z e d s t a t e t o t h e p ro te in (NAKAMURA—OHNOSHI 1975). 
T h e l i n k a g e of rigid i m m o b i l e l ip ids h a s also been d e m o n s t r a t e d in t h e mi to -
c h o n d r i a l ATP-ase e n z y m e BERTOLI et al. 1976). 
T h e r e is also a h i g h lipid c o n t e n t in t h e m y o s i n of t h e s t r i a t e d ske le ta l 
m u s c l e s of r ahh i t s , m u c h higher t h a n t h a t r e p o r t e d b y LYNN (1965) . D u r i n g 
t h e c h r o m a t o g r a p h i c p u r i f i c a t i o n of myos in f r o m m i x e d ske le ta l m u s c l e s a t 
l eas t 3 c h r o m a t o g r a p h i c f r ac t i ons c a n be s e p a r a t e d (FAZEKAS et al. 1973). 
Since t h e myosin f r a c t i o n s are d e r i v e d f r o m m i x e d ske le ta l m u s c l e s , i t is 
i m p o s s i b l e to decide w h e t h e r it is b e c a u s e of t h e d i f f e r e n t l ipid c o n t e n t of t h e 
m y o s i n , t h e var ied p r o p o r t i o n s of p r o t e i n s u b u n i t s or t h e h e t e r o g e n e i t y of t h e 
h e a v y c h a i n s t h a t t h e f r ac t i ons d i v i d e in to s u b f r a c t i o n s . T h e q u e s t i o n could 
not b e s e t t l e d even w h e n t h e myos in w a s p r e p a r e d f r o m a single m u s c l e , because 
t h e c h r o m a t o g r a p h i c f r a c t i o n s w e r e i n v a r i a b l y p r e s e n t (FAZEKAS et al. 1974). 
F u r t h e r m o r e , the A T P - a s e a c t i v i t y s h o w e d a d e p e n d e n c e on t h e l ip id c o n t e n t 
of t h e m y o s i n , as r e p o r t e d earl ier b y KIELLEY—MEYERHOFF (1948) . 
F i s h muscle m y o s i n s also c o n t a i n cons ide rab le a m o u n t s of l i p id , in which 
t h e r e a r e m a n y u n s a t u r a t e d f a t t y a c i d s . These l ip ids can be r e a d i l y au toox i -
d ized . T h e colour, f l u o r e s c e n c e m a x i m u m and i n t e n s i t y of t h e i r a u t o o x i d i z e d 
p r o d u c t s change , a n d owing to t h e s e c o n d a r y e f f e c t of t h e p r o d u c t s t h e His , 
Lys a n d M e t c o n t e n t s of t h e myos in h a v e been f o u n d t o be r e d u c e d (BRADOCK— 
D U G A N 1 9 7 3 ) . 
A highly a u t o o x i d i z a b l e l i p id also occurs in r a b b i t s k e l e t a l musc le 
m y o s i n . Accord ing t o t h e m e t h o d of i so la t ion a n d t h e e x t e n t of l i n k a g e we 
d i s t i n g u i s h e d a h e t e r o g e n e o u s , less c losely b o u n d L , f r a c t i o n a n d a closely 
w i t h a q u e o u s a c e t o n e owing to i t s c u m u l a t i v e d o u b l e - b o u n d f a t t y ac id c o n t e n t . 
I t is a l s o ce r t a in t h a t t h e a p p e a r a n c e of a f a i n t b r o w n colour in m y o s i n s to red 
for s o m e t ime , a n d t h e change in i t s f l uo re scence s p c c t r u i n , a r e a lso r e l a t e d 
wi th l i p i d a u t o o x i d a t i o n . 
O n a T L C - p l a t e t h e L2-l ipid l e a v e s a s p o t m o s t l y , w h e r e p h o s p h a t i d y l 
cho l i ne occur red . A s m a l l e r q u a n t i t y of m a t e r i a l m a r k s t h e p o s i t i o n of t h e lyso-
p h o s p h a t i d e s . The l a t t e r is t h o u g h t t o be an a u t o o x i d a b l e b y - p r o d u c t , because 
t h e h e t e r o g e n e o u s p r o d u c t s of L a u t o o x i d i z e d f o r longe r p e r i o d s s t r e t c h over 
t h e T L C p l a t e in t h e f o r m of a l o n g ye l low p a t c h . More t h a n 6 0 % of t h e f a t t y 
ac ids a r e u n s a t u r a t e d a n d d o u b l e - b o u n d . T h e m a i n s a t u r a t e d f a t t y acid is 
p a l m i e ac id , and o n l y t o a lesser e x t e n t s tear ic a c i d . B o t h f a t t y ac ids a re also 
f o u n d as f a t t y a l d e h y d e s (a lkeny l a c i d p h o s p h o l i p i d ) . T h e ina in u n s a t u r a t e d 
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f a t t y acid is a r ach ido r . i c ac id , a n d in smal le r q u a n t i t i e s cdeic, l inole ic , docosapen -
t a n o i c a n d d o c o s a h e x a n o i c i c a c i d . I n our op in ion t h e l ip ids of t h e m y o s i n are re-
spons ib l e fo r t h e d e v e l o p m e n t of t h e s t r u c t u r e , t h e t e n d e n c y to a g g r e g a t e , a n d 
t h e molecu la r p l a s t i c i t y of t h e m y o s i n . T h e L j - l i p id p l a y s a role i n t h e organi -
z a t i o n of m o l e c u l a r s u b u n i t s a n d in t h e f i l a m e n t a r y o r g a n i z a t i o n a n d aggre-
g a t i o n and t h e L„ l ipid t a k e s p a r t in t h e o r g a n i z a t i o n of t he i n n e r s t r u c t u r e of 
t h e myos in m o l e c u l e , while t h e i r m e t a l che la t e c o m p l e x e s , which c a n be f o r m e d 
s i m u l t a n e o u s l y w i t h t h e c h e l a t e s of t h e p e p t i d e c h a i n s and s u b s t r a t e , have a 
p a r t in m o d i f y i n g t h e m o l e c u l e . 
T h e C a 2 + i on has b e e n f o u n d to exerc ise a n i n f l u e n c e on t h e lec i th in 
m o n o l a y e r s , a n d i t s c h e l a t e - f o r m i n g ef fec t is c o r r e l a t e d w i t h t h e inc reas ing 
u n s a t u r a t i o n of t h e f a t t y ac id c h a i n s a n d i n c r e a s e s t h e v o l u m e a n d su r face 
p o t e n t i a l of m o l e c u l e s w i t h i n t h e m o n o l a y e r (SHAH—SCHULMAN 1967). Thus, 
i t is p r o b a b l e t h a t t h e p l a s t i c i t y of t h e myos in m o l e c u l e in t h e p r e s e n c e of t h e 
C a 2 + ion (SZENT-GYÖRGYI 1951) is r e l a t ed w i t h t h e f o r m a t i o n of t h e Ca-L 
c h e l a t e . 
A l t h o u g h t h e m o r p h o l o g i c a l p a t t e r n of t h e c h e l a t e s t r u c t u r e c h a n g e s in 
in vitro e x p e r i m e n t s to a g r e a t e x t e n t , b e c o m i n g h e t e r o g e n e o u s as a conse-
q u e n c e of a u t o o x i d a t i o n , t h i s h a r d l y occurs in vivo. T h e bas ic a m i n o acid L2 
i n t e r a c t i o n s t u r c t u r e is sti l l s t a b l e w h e n t h e c h e l a t e s t r u c t u r e d i s i n t e g r a t e s . 
T h e d e g r a d a t i o n of t h e l a t t e r is t h u s d e l a y e d , s ince t h e i n t e r a c t i o n of bas ic 
a m i n o acids o f f e r s some p r o t e c t i o n aga in s t a u t o o x i d a t i o n . 
T h e or ig in of t h e l ipids of m y o s i n ( p a r t i c u l a r l y t h a t of t h e t i g h t l y b o u n d 
L 2 - l ip id) is u n k n o w n . I t m a y b e syn the s i zed s i m u l t a n e o u s l y w i t h t h e p ro te in 
f r a c t i o n , as MARTONOSI—HALPIN (1972) sugges t i n c o n n e c t i o n w i t h t h e ATP-
ase e n z y m e of t h e s a r c o p l a s m i c r e t i c u l u m , or t h e l ip id m a y be t r a n s f e r r e d to 
t h e m e m b r a n e p r o t e i n s w i t h t h e p h o s p h a t i d y l - c h o l i n e e x c h a n g e e n z y m e a f t e r 
p r o t e i n s y n t h e s i s , as sugges t ed b y WIRTZ et al. (1976) . 
Our i n v e s t i g a t i o n s led u s t o t h e conclus ion t h a t l ipids f o r m a n in tegra l 
p a r t of t h e m y o s i n molecu le , n e c e s s a r y for t h e m a i n t e n a n c e of t h e s t r u c t u r e 
a n d e n z y m e a c t i v i t y of t h e p r o t e i n , in sp i te of t h e f a c t t h a t t h e c h a r a c t e r i s t i c 
s t r u c t u r e a n d e n z y m e a c t i v i t y c a n n o t be r e g a i n e d b y r e t u r n i n g t h e l ipids (or 
e v e n KCl). I t s e e m s t h a t i t is n o t su f f i c i en t t o r e s t o r e t h e l i nkage of t h e l ipid 
a n d t h e e n v i r o n m e n t of t h e p r o t e i n molecule ( p H , ion c o n c e n t r a t i o n ) , since 
t h e l inkage of t h e s u b u n i t s a n d l ip ids of such a g i a n t molecule r e q u i r e s more 
c o m p l i c a t e d c o n n e c t i o n s if t h e biological f u n c t i o n s a r e to be r e s t o r e d . 
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INVESTIGATIONS ON THE MICRONUTRIENT 
DEFICIENCY OF PLANTS ON THE PASTURE 
LANDS OF THE HORTOBÁGY HEATH 
B y 
S . SZALAY, Z . SÁMSONI, Z . S I R O K I , Y . E L - H Y A T E M Y 
I N S T I T U T E O F N U C L E A R R E S E A R C H OF T H E H U N G A R I A N ACADEMY O F S C I E N C E S , D E B R E C E N , 
U N I V E R S I T Y O F A G R I C U L T U R E . D E B R E C E N , A G R I C U L T U R A L R E S E A R C H C E N T R E , C A I R O 
A concise repor t is p resen ted of a n e x t e n d e d m i c r o a n a l y t i c a l s tudy of t h e mic ro -
n u t r i e n t c o n t e n t of f o r a g e p l a n t samples f r o m the alkal ine so lone t z grazing l a n d s of 
the H o r t o b á g y hea th in H u n g a r y . The f o r a g e p lan t s are o n t h e average d e f i c i e n t in 
Zn a n d Cu and u n d e r s u p p l i e d with Fe . Mii deficiency is m o d e s t with the e x c e p t i o n 
of s o m e a reas . The p l a n t s a r e well suppl ied w i t h В and Mo a n d t h e soils are well s u p p l i e d 
w i th all t h e m i c r o n u t r i e n t s , hut the a l k a l i n i t y immobil izes t h e Fe, Mn, Zn a n d Cu 
c a t i o n s a n d renders t h e m i n this way h a r d l y accessible to t h e p l a n t s . В and Mo r e m a i n 
mobi le , be ing present in an ion ic form at t h e s e p H values. T h e problems e x p e r i e n c e d 
in sheep breeding for m a n y years can be e x p l a i n e d by the m i c r o n u t r i e n t d e f i c i e n c y of 
the f o d d e r on these g r a z i n g lands. 
I n t r o d u c t i o n 
T h e H o r t o b á g y h e a t h is an e x t e n d e d t e r r i t o r y ( a b o u t 50 000 ha) of n o t o -
r iously b a d a lka l i ne clay ( so lone tz ) soils, a b o u t 45 k m w e s t of Debrecen ( H u n -
gary) . I t is c h a r a c t e r i z e d b y t h e u n f a v o u r a b l e wa te r e c o n o m y of t h e i m p e r -
meable s w e l l i n g a lka l ine c l a y soil and i t is uti l ized m a i n l y b y f o r a g e c r o p s , 
grazed b y s h e e p and c a t t l e . On ly small p a r t s of this t e r r i t o r y have b e t t e r soils 
a n d a re s u i t a b l e for c u l t i v a t i o n . 
T h e c h e m i s t r y of t h e H o r t o b á g y soi ls w a s i n t ens ive ly s t ud i ed by S z a b o l c s , 
and t h e l i t e r a t u r e on t h e s e a n d o ther a l k a l i n e solonetz so i l s is p re sen ted in his 
book and p u b l i c a t i o n s (SZABOLCS 1954, 1966 , 1972). A l t h o u g h a v e r y c o p i o u s 
l i t e r a t u r e on a lka l ine s o l o n e t z soils e x i s t s , pa r t i cu l a r l y f r o m Russ ian a u t h o r s 
( e . g . B A Z I L E V I C H 1 9 6 5 , G E D R O I T Z 1 9 5 5 ) t h e s p e c i a l m i c r o n u t r i e n t d e f i c i e n c y o f 
p l a n t s g r o w i n g on these soils has no t h i t h e r t o heen i n v e s t i g a t e d . T h e u n f a -
v o u r a b l e i n f l u e n c e of a n a lka l ine soil p H on the u p t a k e of Zn, Cu, M n a n d 
Fe is r e c o g n i s e d in t h e l i t e r a t u r e on m i c r o n u t r i e n t d e f i c i e n c y p h e n o m e n a 
( e . g . S A U C H E L L I 1 9 6 9 , S C H Ü T T E 1 9 6 4 ) . 
T h i s s t u d y was a i m e d a t t he i n v e s t i g a t i o n of t h e a lka l i ne - c l ay ( s o l o n e t z ) 
t y p e of g r a z i n g l ands on w h i c h some p r o n o u n c e d signs of m i c r o n u t r i e n t de f i -
ciency a r e o b s e r v a b l e . T h e fo rage grass v e g e t a t i o n d e m o n s t r a t e s ch lo ros i s and 
t u r n s e n t i r e l y yellow in s u m m e r d r o u g h t . I t was n o t c lea r , h o w e v e r , h o w 
much s h a r e t h e de f i c i ency of m i c r o n u t r i e n t s , bad w a t e r e c o n o m y a n d d r o u g h t 
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h a v e in t h i s p h e n o m e n o n . S e r i o u s p r o b l e m s h a v e b e e n o b s e r v e d in a n i m a l 
h u s b a n d r y . T h e i n c r e m e n t p e r c e n t a g e of s h e e p is low a n d h i t h e r t o u n d i a g n o s e d 
g r a v e h e a l t h p r o b l e m s h a v e o c c u r r e d a m o n g b o t h n e w - b o r n l a m b s a n d s h e e p 
( n e o n a t a l a t a x y , i n v i a b i l i t y , occurs a m o n g t h e l a m b s , a n d ear ly i n f e r t i l i t y 
e t c . in t h e e w e s ) . These s igns a p p e a r jus t a s o f t e n in t h e S u f f o l k s t ra in of s h e e p 
r e c e n t l y i n t r o d u c e d e x p e r i m e n t a l l y as in t h e c u s t o m a r y l o c a l Merino s t r a i n . 
T h e d e f i c i e n c y s y m p t o m s o b s e r v e d in t h i s t e r r i t o r y r e n d e r t h e b r e e d i n g of 
0 1 2 3 U 5000 
s h e e p n e a r l y u n e c o n o m i c . T h e k n o w n a l k a l i n i t y of t h e s o d a - s a l t c o n t a i n i n g 
so i l d e f i n i t e l y p r e d i c t s t h e b a d access ib i l i ty of t h e m i c r o n u t r i e n t s Fe, M n , C u 
a n d Zn to t h e f o r a g e p l a n t s . 
Only a c o n c i s e r e p o r t of th i s e x t e n d e d s t u d y is p r e s e n t e d he re . W e 
s h o u l d like t o r e f e r in th i s r e s p e c t to t h e d e t a i l e d p u b l i c a t i o n in H u n g a r i a n 
(SZALAY et al. 1977) w i t h E n g l i s h s u m m a r y , in which all f i g u r e s and t a b l e s 
o f t he m e a s u r e d d a t a are p u b l i s h e d in d e t a i l , w i t h Eng l i sh l e g e n d s . 
Fig. 1 d e m o n s t r a t e s t h e g e o g r a p h i c a l m a p of t he a r e a . P l ace s w h e r e so i l 
a n d p l a n t s a m p l e s were c o l l e c t e d a re d e n o t e d b y © . These p l a c e s a re all p a s t u r e 
g r o u n d s . I n t e n s i v e l y c u l t i v a t e d b e t t e r soils a r e no t i n c l u d e d in this s t u d y . 
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Material and Method 
Soil analyses. 39 soil s amples w e r e collected f r o m 13 places a n d f r o m 3 different d e p t h s 
(0 —10, 10 —20, 20—30 cm). I n v e s t i g a t i o n s of the p H d e m o n s t r a t e d t h a t all soil samples w e r e 
a lkal ine b e t w e e n p H 7.0 9.0, t h e m a j o r i t y of t h e m b e t w e e n p H 7— 8. T h e a lkal ini ty is c a u s e d 
by t he excess ive s o d i u m h y d r o c a r b o n a t e con t en t , w i t h which sodium s u l p h a t e and c h l o r i d e 
are associa ted , as discovered in ear l ier inves t iga t ions (SZABOLCS 1954, 1972) . The average t o t a l 
c o n t e n t of t h e 39 soil samples a m o u n t s t o : Fe = 3 . 0 % , Mn = 525 p p m , Zn = 59.7 p p m , 
Cu = 24.0 p p m , N a = 1 .11%, К = 1 . 4 6 % , Ca = 0 . 6 7 % . They are wel l supplied w i t h t h e 
m i c r o n u t r i e n t s ana lysed , b u t t he a l k a l i n i t y of t h e soil m a k e s their m o b i l i t y and u p t a k e b y 
p l a n t s ve ry ques t i onab l e . 
Plant analyses. The a s s u m p t i o n of an i m p a i r e d u p t a k e by p l a n t s of t he m i c r o n u t r i e n t s 
m e n t i o n e d was con f i rmed by t h e ana lyses . 366 p l a n t samples were co l l ec ted in th is s t u d y 
f r o m the 37 p laces deno ted by © in Fig . 1. The p l a n t s a m p l e s r e p r e s e n t e d a t o t a l of 110 p l a n t 
species be longing to 19 d i f f e ren t p l a n t famil ies . T h e y were ana lysed f o r micro- and m a c r o -
n u t r i e n t s , t he t o t a l s t u d y compr i s ing in all 2,000 s ingle analyses . 
E a c h s a m p l e con ta ined 20 or m o r e whole p l a n t ind iv idua ls ( w i t h o u t roots) b e l o n g i n g 
to the s a m e species. They were d r i ed , c rushed and 5 g ave raged s a m p l e s were ashed f r o m t h e 
c rushed p o w d e r . A f t e r solut ion of t h e ashes in HCl t h e samples were s p r a y e d into t he f l a m e 
of an a t o m i c a b s o r p t i o n s p e c t r o m e t e r in 0.1 IN HCl s o l u t i o n . Ca l ib ra t ion w a s carried o u t a d d i -
t ively by a d d i n g a k n o w n a m o u n t of t h e m i c r o n u t r i e n t e lement in q u e s t i o n to the s o l u t i o n . 
E a c h s a m p l e was ana ly sed in t h i s way for t h e m i c r o n u t r i e n t s Fe , Mn, Zn a n d Cu. 
On ly a l imi ted n u m b e r of t he s a m p l e s were ana lysed fo r В and Mo. 
Results 
T h e a n a l y s e s d e m o n s t r a t e d t h a t t h e s amples i n v e s t i g a t e d were we l l 
supp l i ed w i t h В a n d Mo. T h e s e e l e m e n t s a r e k n o w n to he m o b i l e in an a l k a l i n e 
e n v i r o n m e n t because t h e y f o r m an ions . 
As r e g a r d s Fe , Mn, Zn a n d Cu, a g e n e r a l def ic iency w a s a p p a r e n t i n t h e 
m a j o r i t y of t h e s amples . H o w e v e r d i f f e r ences were o b s e r v e d be tween s p e c i e s , 
genus a n d f a m i l y , e x c e e d i n g t h e c o n s i d e r a b l e e x t e n t of s c a t t e r i n g of d a t a 
exp re s sed in t h e s t a n d a r d d e v i a t i o n . R e f e r e n c e m a y be m a d e in this r e s p e c t 
t o t h e d e t a i l e d d a t a of t h e H u n g a r i a n p u b l i c a t i o n (SZALAY et al. 1 9 7 7 ) . I n 
T a b l e 1 t h e m e a n v alues of t h e m i c r o n u t r i e n t c o n t e n t of al l i n v e s t i g a t e d p l a n t 
s a m p l e s b e l o n g i n g to t h e s a m e f a m i l y a r e c o m p a r e d . D i f f e r e n c e s b e t w e e n 
species a n d genus be long ing t o t h e s ame f a m i l y are a v e r a g e d in this c o n c i s e 
t a h l e . 
I t s h o u l d be m e n t i o n e d h e r e t h a t t h e Cu c o n t e n t of Gramineae w a s v e r y 
low, whi le on t h e s a m e soil t h a t of t h e Compositae a n d Fabaceae ( = Legumi-
nosae) w a s h ighe r , n e a r l y n o r m a l . 
T h e h igh Mo a c c u m u l a t i n g a c t i v i t y of Fabaceae is a s consp icuous h e r e 
as t h e low В c o n t e n t of Gramineae and Cyperaceae, w h i c h is n o t a d e f i c i e n c y 
p h e n o m e n o n , b e c a u s e t h e m o b i l i t y of Mo a n d В is f a v o u r a b l e in these a l k a l i n e 
soils. W i t h i n t h e Fabaceae f a m i l y , species b e l o n g i n g to g e n e r a of the Trifolium 
sor t d e f i n i t e l y a c c u m u l a t e m o r e Cu t h a n t h o s e of t he Medicago sort . 
T h e a s soc ia t ion of p l a n t species {Achillea- Festucetum pseudovinae, 
M a g y a r — S o ó ) ( S o ó 1934 , 1 9 4 7 , MAGYAR 1 9 2 8 a , 1928b) g r o w i n g on t h e d r y 
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Table 1 
Comparison of the mean values of the mieronutrienl content of the most important 
plant families grown on the Hortobágy heath 
(in ppm/dry subst.) 
Plant fami l ies Number of Number of Fe , Mil, Zn, Cu. Mo, B. 
species samples p p m ppm p p m p p m p p m p p m 
Gramineae 2 2 1 2 2 7 4 4 8 1 4 . 1 2 . 8 1 . 6 7 . 1 
Fabaceae 2 2 7 5 1 5 9 5 5 2 9 . 6 7 . 5 3 . 8 2 4 . 0 
Compositae 1 5 4 6 1 9 7 7 7 3 8 . 9 1 2 . 4 1 . 3 2 8 . 4 
Chenopod iaceae 9 1 7 3 6 3 8 7 2 8 . 6 7 . 9 1 . 5 2 7 . 0 
Cyperaceae 8 3 5 9 0 1 2 4 1 7 . 4 5 . 5 1 . 9 9 . 8 
Juncaceae 5 12 5 9 1 4 7 4 9 . 7 6 . 1 3 . 0 1 3 . 1 
Caryophyllaceae 4. 1 0 2 5 7 1 0 0 4 0 . 4 4 . 7 0 . 7 2 9 . 7 
a l k a l i n e s o l o n e t z t y p e o f s o i l s o n t h e H o r t o b á g y h e a t h c o m p r i s e s a n u m b e r 
o f p l a n t s p e c i e s c o v e r i n g t h e p a s t u r e l a n d s u r f a c e i n a p r o p o r t i o n i n f l u e n c e d 
s o m e w h a t b y w e a t h e r c o n d i t i o n s a n d t h e t i m e of y e a r a n d c h a n g i n g s o m e w h a t 
f r o m p l a c e t o p l a c e . Festuca pseudovina i s t h e d o m i n a t i n g s p e c i e s , c o v e r i n g 
s o m e w h a t m o r e t h a n h a l f o f t h e t o t a l g r e e n a r e a of p a s t u r e l a n d s . B y u t i l i z i n g 
t h e c o e n o l o g i c a l e s t i m a t i o n s i t i s p o s s i b l e t o m a k e a n a p p r o x i m a t e e s t i m a t i o n 
Table 2 
Mieronutrienl content of the most abundant fodder yielding plant species 
of the Hortobágy heath pastures 
(Association of the quantitatively dominating plant species: 
Achilleo-Festucetum pseudorinae, Magyar Soó) 
Domina t ing plant species Green cover, % (estimated) 
Fe, 
ppm 
Mn, 
p p m 
Zn. 
ppm 
Cu. 
p p m 
Festuca pseudovina 54.3 111 35 11.7 3.8 
Poa pratensis ( -f- angustifolia) 8.3 69 46 21.9 4.1 
Poa bubosa 4.7 91 30 10.3 5.3 
Alopecurus pratensis 4.7 73 79 20.6 5.3 
Koeleria gracilis 5.4 87 63 20.0 2.2 
Agropyron repens 2.4 65 22 9.5 2.0 
Potentilla argentea 1.8 96 111 61.3 8.2 
Plantago lanceolata 0.2 269 117 32.0 6.8 
Achillea setacea et collina 14.2 169 93 29.2 8.6 
Centaurea pannonica 1.2 170 44 19.0 8.5 
Podospermum сапитп 0.6 116 48 20.9 7.0 
Inula britannica 2.5 192 111 50.8 10.9 
Es t imated weighted mean value (ppm] 114 51 17.8 4.9 
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of t h e p e r c e n t a g e c o n t r i b u t i o n of t h e m o s t a b u n d a n t p l a n t species in t h e f o r a g e 
p r o d u c t i o n of t he t e r r i t o r y . Since t h e f i n a l a im of t h e s e i n v e s t i g a t i o n s w a s t o 
c la r i fy t h e def ic iency p h e n o m e n a o b s e r v e d in the a n i m a l s t ock , it w a s a p p r o -
p r i a t e t o m a k e a c a l c u l a t i o n of t h e a v e r a g e m i c r o n u t r i e n t s u p p l y of t h e f o r a g e 
of t h i s g r a z i n g land . 
T a b l e 2 con ta ins t h e d o m i n a t i n g a n d more a b u n d a n t p l a n t spec ies of 
th i s t e r r i t o r y , wi th t h e i r e s t i m a t e d p e r c e n t a g e share in t h e green cove r of t h e 
soil s u r f a c e a n d the i r c o n t e n t of t h e m i c r o n u t r i e n t s F e , M n , Zn and Cu , d e t e r -
mined in t h i s s t u d y . T a k i n g in to c o n s i d e r a t i o n t h e p e r c e n t a g e sha re s of t h e 
d i f f e r e n t species , t h e w e i g h t e d m e a n v a l u e s of t h e m i c r o n u t r i e n t c o n t e n t s of 
t h e t o t a l f o d d e r are r e p r e s e n t e d in t h e l a s t row of t h e t a b l e . 
Conclusions 
T h e s e i n v e s t i g a t i o n s de f in i t e ly e s t a b l i s h e d t h a t t h e f o d d e r of t h e H o r t o -
b á g y h e a t h is def ic ien t in severa l m i c r o n u t r i e n t s , wh ich a r e essent ia l b o t h for 
t he p l a n t s a n d for t h e a n i m a l s f eed ing on t h e m . 
A c o m p a r i s o n is g iven in T a b l e 3 b e t w e e n t h e n o r m a l m i c r o n u t r i e n t 
c o n t e n t of p a s t u r e l and p l a n t s g rowing on a good soil, t h e m a r g i n a l c o n c e n t r a -
Table 3 
Comparison between the normal and minimal micronutrient content of meadow 
plants and the needs of grazing animals, as well as the average content 
of the pastures on the Hortobágy heath 
(ppm/dry substance) 
Fe, 
p p m 
Mn, 
p p m 
Zn, 
ppm 
Cu, 
p p m 
References 
Average of well supplied 
meadow plants 150—200 70—150 21—40 10—12 
Various in ter-
national sources 
Deficiency margin for 
plants 8 0 30 20 8 
Various inter-
national sources 
Average of Gramineae 
(average of 65 samples) 
Normal requi rement of 
sheep a n d catt le 
197 
50 
72 
60 
56 
60 
9.4 
7 - 8 
Szalay et al. earlier 
studies 
Standpoint of the 
Veterinary Science 
Committee of the 
Hung. Acad . Sei. 
1974, see Ref. 
Average of fodder on the 
Hor tobágy pastures 113 51 18 5 
Table 2 in this study 
Micronutrient supply as a 
percentage of the needs 
of the animals , by forage 
of the Hor tobágy heath 100% 8 5 % 30% 6 2 % 
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t i o n of d e f i c i e n c y for p l a n t s , t h e no rma l m i c r o n u t r i e n t s u p p l y essential f o r 
s h e e p and c a t t l e a n d the c o n t e n t of t he H o r t o b á g y h e a t h f o r a g e . In t h e l a s t 
r o w of the t a b l e t h e de f i c i en t m i c r o n u t r i e n t s u p p l y of t h e a n i m a l s graz ing on 
t h e H o r t o b á g y h e a t h is e x p r e s s e d as a p e r c e n t a g e of t h e essen t ia l n o r m a l 
s u p p l y . 
The d e f i c i e n c y of t h e p l a n t s is t he m o s t ser ious in Zn and Cu a n d i t 
e x i s t s u n i v e r s a l l y e v e r y w h e r e on these g r a z i n g l ands . T h e M n s u p p l y seems t o 
b e only m o d e s t l y de f i c i en t . T l i e s u p p l y of F e is o n l y a b o u t h a l f of t h a t of p l a n t s 
g r o w i n g on n o r m a l good soils b u t it still s e e m s to be e n o u g h for the n o r m a l 
d e v e l o p m e n t of b o t h p l an t s a n d an imals . Se r i ous chlorosis d u e t o Fe de f i c i ency 
o c c u r s at u n d e r 80 p p m , a c c o r d i n g to t h e l i t e r a t u r e . F e d e f i c i e n c y s e l d o m 
o c c u r s in g r a z i n g an imals , b e c a u s e t hey i n g e s t cons ide rab l e a m o u n t s of i r o n -
r i c h soil a n d d u s t wi th t h e f o r a g e . The В a n d Mo supp ly w a s su f f i c ien t in a l l 
t h e samples a n a l y s e d . 
It is w e l l - k n o w n t h a t v e r y m a n y f a c t o r s i n t e r v e n e in t h e m i c r o n u t r i e n t 
s u p p l y of p l a n t s . M i c r o n u t r i e n t s a re present in a b u n d a n c e in t h e s e soils. Of t h e 
f a c t o r s r e n d e r i n g t hem inacces s ib l e to t h e p l a n t s t h e p H m u s t be the m o s t 
i n f l u e n t i a l . F e , M n , Cu a n d Z n hydro lyse in a n e u t r a l or h e r e p r o n o u n c e d l y 
a lka l i ne e n v i r o n m e n t and in t h e s e alkal ine s o d a clay soils t h e y are p r o b a b l y 
p r e c i p i t a t e d as a lka l ine c a r b o n a t e s or h y d r o x i d e s a n d a d s o r b e d on t h e s u r f a c e 
of t h e f ine co l lo ida l clay m i n e r a l par t ic les . T h e ave rage Ca c o n t e n t of t he soi ls 
is low (0 .67%) . T h e r e are, h o w e v e r , local d i f f e r e n c e s in t h e p r o p e r t i e s of t h e 
soi ls of this v a s t t e r r i t o ry , w h i c h was an i n u n d a t i o n a rea of t h e r iver T i s z a 
a n d its t r i b u t a r i e s before t h e i r r egu la t ion . A h i g h e r Ca c o n t e n t was f o u n d on 
o n e area, w i t h a ve ry p r o n o u n c e d Mn d e f i c i e n c y , b u t w i t h an a p p r o p r i a t e 
F e supply . T h e Cu and Zn d e f i c i e n c y , h o w e v e r , was s i m i l a r t o o ther a r e a s . 
These f a c t s clar ify t h e v e r y u n f a v o u r a b l e expe r i ences in an imal h u s -
b a n d r y . I t is w e l l - k n o w n t h a t C u , Zn and Mn de f i c i ency c a u s e s serious d i s t u r -
b a n c e s in t h e r e p r o d u c t i v i t y a n d fe r t i l i ty of a n i m a l s , r e s u l t i n g in a low r e p r o -
d u c t i o n r a t e a n d ear ly s t e r i l i t y (UNDERWOOD 1971). Cu, Zn a n d Mn de f i c i ency 
i s a suf f ic ien t e x p l a n a t i o n f o r t h e cr ippled ( i nv i ab l e , n e o n a t a l a t a x y ) l a m b s 
a n d for o ther h e a l t h p r o b l e m s ( h e a r t i n s u f f i c i e n c y , etc.) in s h e e p , which h a v e 
n o t ye t heen t h o r o u g h l y i n v e s t i g a t e d . 
M i c r o a n a l y t i c a l i n v e s t i g a t i o n s of the m i c r o n u t r i e n t c o n t e n t of the o r g a n s 
of t h e an imals will soon be u n d e r t a k e n in o r d e r to c o n f i r m t h i s a s s u m p t i o n . 
I t is needless t o e m p h a s i z e t h a t t h i s new k n o w l e d g e will e n a b l e t h e s e de f i c i ency 
p h e n o m e n a t o b e correc ted b y supp ly ing t h e an ima l s w i t h m i c r o n u t r i e n t s . 
T h e economical s igni f icance of t h i s knowledge l ies in t h e f a c t t h a t the H o r t o -
b á g y hea th s u s t a i n s the l a r g e s t s ing ly o p e r a t e d sheep b r e e d i n g s t o c k in C e n t r a l 
E u r o p e , c o n s i s t i n g of more t h a n 30,000 s tock ewes , t h e f e r t i l i t y of which c o u l d 
b e s ign i f i can t ly inc reased w i t h i m p r o v e d h e a l t h s t a t u s . 
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I n a d d i t i o n t o 1 9 7 5 , c o n t i n u e d o b s e r v a t i o n d e m o n s t r a t e d i n c r e a s e d 
m i c r o n u t r i e n t d e f i c i e n c y i n p l a n t s i n t h e v e r y d r y s u m m e r o f 1 9 7 6 . H o w e v e r 
t h e p r e c i p i t a t i o n w a s e x c e p t i o n a l l y h e a v y a n d w e l l d i s t r i b u t e d i n t h e s u m m e r 
o f 1 9 7 7 a n d t h e m i c r o n u t r i e n t c o n t e n t of t h e f o r a g e p l a n t s i n c r e a s e d t o a b o u t 
t h e n e c e s s a r y m i n i m u m . 
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EFFECT OF LEVEL AND SOURCE OF DIETARY 
PROTEIN ON SOME BLOOD CONSTITUENTS 
OF CROSS-BRED LAMBS 
B y 
S . M A H M O U D , В . J U H Á S Z , В . S Z E G E D I 
R E S E A R C H I N S T I T U T E F O R A N I M A L P R O D U C T I O N , D E P A R T M E N T O F P H Y S I O L O G Y , B U D A P E S T 
In an e x p e r i m e n t w i th Suffolk X H u n g a r i a n Merino l a m b s , the effect of t h e level 
a n d source of d i e t a r y p ro te in on the b lood cons t i tuen t s w a s examined. T h e resu l t s 
show t h a t by increas ing the ni t rogen i n t a k e , nei ther the t o t a l protein nor t h e t o t a l 
a m i n o acids in t h e blood p lasma were s igni f icant ly inc reased . However , t h e p l a s m a 
u r e a concen t r a t ion increased s ignif icant ly . Whi le d ie tary u r e a increased t h e leve l of 
t h e p l a s m a urea , it h a d no effect on the t o t a l p ro te in and t o t a l amino acids in t h e blood 
p l a s m a . 
Introduct ion 
S e v e r a l s t u d i e s h a v e b e e n ca r r i ed o u t o n t h e p r o t e i n r e q u i r e m e n t o f r u m i -
n a n t s , b u t t h e r e s u l t s w e r e n o t a c c u r a t e b e c a u s e t h e m e a s u r e s used r e s p o n d 
to m a n y p h y s i o l o g i c a l f a c t o r s . T h e r e f o r e , m a n y i n v e s t i g a t o r s cons ider i t d e s i r -
ab le t o f i n d o t h e r a c c u r a t e m e a s u r e s b a s e d on s p e c i f i c n i t r o g e n c o m p o -
n e n t s i n t h e b o d y . 
L E W I S et al. ( 1 9 5 7 ) , J U H Á S Z — K I R Á L Y ( 1 9 6 1 ) , D R O R — B O N D I ( 1 9 6 9 ) f o u n d 
t h a t t h e c o n c e n t r a t i o n s of so lub l e p r o t e i n , a m m o n i a a n d so luble a m i n o N in 
t h e r u m e n f l u i d a n d of u r e a in t h e b l o o d i n c r e a s e d w i t h i n c r e a s i n g d i e t a r y 
p r o t e i n f o r a d u l t r u m i n a n t s . T h e y a lso f o u n d t h a t d i e t a r y p r o t e i n w a s c o r r e -
l a t e d w i t h t h e s e N m e t a b o l i t e s . H o w e v e r , PRICE ( 1 9 7 1 ) i n d i c a t e d t h a t t h e 
a m i n o N - l e v e l d e c r e a s e d in t h e a b o m a s u m w h e n t h e c r u d e p r o t e i n c o n t e n t of 
t h e d i e t of 6 m a t u r e s h e e p w a s ra i sed f r o m 14 to 2 4 % . POTTER (1971) f o u n d 
t h a t t h e t o t a l f r e e a m i n o ac id c o n c e n t r a t i o n in t h e j u g u l a r vein p l a s m a w a s 
lower w h e n t h e f e e d c o n t a i n e d u r e a . 
B l o o d u r e a n i t r o g e n B U N is a s e n s i t i v e i n d i c a t o r of p r o t e i n a d e q u a c y 
a s i n d i c a t e d b y J U H Á S Z — K I R Á L Y ( 1 9 6 1 ) a n d l a t e r b y P R E S T O N — P F A N D E R 
(1963) . PRESTON et al. (1965) f o u n d in t h e i r e x p e r i m e n t t h a t B U N v a l u e s a b o v e 
10 m g / 1 0 0 m l i n d i c a t e d a n a d q u a t e p r o t e i n i n t a k e in t h e r a t i o n s fed t o l a m b s . 
R u m i n a n t s c a n u t i l i z e p a r t of t h e b l o o d u r e a as a s o u r c e of n i t r o g e n ( H o u i ' T 
1 9 5 9 , J U H Á S Z 1 9 6 5 , C A F F R E Y et al. 1 9 6 7 ) . J U H Á S Z ( 1 9 6 2 ) f o u n d t h a t a f t e r t w o 
d a y s of f a s t i n g t h e b l o o d u r e a c o n c e n t r a t i o n i n c r e a s e d i n r u m i n a n t s . LEIBIIOLZ 
(1970) o b s e r v e d t h a t l o n g p e r i o d s of s t a r v a t i o n a n d a l o w n i t rogen d i e t b o t h 
r e s u l t e d i n a r e d u c t i o n of t h e p l a s m a u r e a c o n c e n t r a t i o n . 
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M C I N T Y R E — WILLIAMS ( 1 9 7 1 ) s t a t e d t h a t t h e r a t e o f u r i n a r y u r e a e x c r e -
t i o n was l i n e a r l y re la ted to t h e p lasma u r e a c o n c e n t r a t i o n a n d ur ine f l o w . 
T h e work of DROI?—BONDI (1969) i n d i c a t e d t h a t p ro te in d e g r a d a t i o n in t h e 
r u m e n and t h e r e m o v a l of u r e a b y the k i d n e y s were l i m i t e d w h e n exces s ive 
a m o u n t s of p r o t e i n were f e d . 
The o b j e c t of our e x p e r i m e n t s was t o s t u d y the e f f e c t of t h e level a n d 
s o u r c e of d i e t a r y prote in on t h e to ta l p r o t e i n a n d the t o t a l a m i n o acid a n d 
u r e a c o n c e n t r a t i o n s in the b l o o d p lasma of l a m b s , and to d e t e r m i n e w h e t h e r 
t h e s e blood c o m p o n e n t s a r e q u a n t i t a t i v e l y r e l a t e d to t h e d i e t a r y p r o t e i n 
i n t a k e . 
Materials and Methods 
The a n i m a l s used in this s t u d y were chosen f r o m a fa t ten ing e x p e r i m e n t , carr ied ou t 
o n Suffolk X H u n g a r i a n Merino l a m b s . The e x p e r i m e n t a l stock was d i v i d e d into ten g r o u p s 
4 ma le lambs in e a c h , corresponding t o ten t r e a t m e n t s . T h e t r e a t m e n t s were two levels, 13.9 
a n d 16.5%, of d i e t a r y protein, wi th or wi thout urea , a n d wuth or w i t h o u t a d i e t a ry s u p p l e m e n -
t a t i o n of m e t h i o n i n e . The lower ( 1 3 . 9 % ) protein level w a s fed to g roups А, В, С and D , t h e 
h i g h e r (16.5%) p r o t e i n level to g r o u p s E , F, G and H . T w o control c o n c e n t r a t e s were also f ed 
t o groups К , a n d IC2. T h e diets were o f f e r e d in pellet f o r m twice a day, t o g e t h e r wi th ad l i b i t u m 
f eed ing with t h i r d c lass alfalfa h a y . T h e componen t s of t h e ten diets a re shown in T a b l e 1, 
wh i l e the resul ts of t h e chemical a n a l y s i s are shown in Tab le 2. 
The s a m p l e s f r o m the j u g u l a r ve in were t a k e n f r o m each of the f o u r l ambs in e a c h 
g r o u p , four h o u r s a f t e r feeding, on t h e 23rd and 63 rd d a y of the e x p e r i m e n t . 
The to ta l p r o t e i n , total amino a c i d X ami u rea i n t h e blood p l a s m a were d e t e r m i n e d as 
descr ibed by BÁLINT (1962), wi th s o m e modi f ica t ions t a k e n from JUHÁSZ—SZEGEDI (1965). 
Results 
Total protein and total amino acid N concentration in blood plasma. 
A s shown in T a b l e s 3 and 4, t h e c o n c e n t r a t i o n of t h e to ta l p r o t e i n in t h e b l o o d 
p l a s m a i n c r e a s e d as the d i e t a r y pro te in l eve l rose . H o w e v e r , t h e d i f f e r ences 
b e t w e e n t h e g r o u p s were no t s i g n i f i c a n t , as w a s shown by a n ana lys i s of v a r i -
a n c e . The v a l u e s ob ta ined w e r e in the r a n g e of no rma l c o n c e n t r a t i o n s . 
F rom T a b l e s 3 and 4, i t a l so a p p e a r s t h a t the c o n c e n t r a t i o n of t o t a l 
a m i n o acid N i n t h e blood p l a s m a was not a f f e c t e d by the d i f f e r e n t t r e a t m e n t s . 
T h e c o n c e n t r a t i o n was not c h a n g e d by i n c r e a s i n g the level of d i e t a r y p r o t e i n . 
T h e s e results a r e in accordance w i t h those r e p o r t e d by OCILVIE et al. (1960) , 
w h o found t h a t t h e addi t ion of excess i \ e a m o u n t s of soybean m e a l t o t h e d i e t s 
o f s teers did n o t a f f e c t the t o t a l f r ee amino a c i d c o n c e n t r a t i o n in t h e p l a s m a . 
A t a 13.9% d i e t a r y protein l e v e l , m e t h i o n i n e s u p p l e m e n t a t i o n r e su l t ed in a n 
i n c r e a s e in t h e p l a s m a amino a c i d c o n c e n t r a t i o n in groups H a n d D. Th is t r e n d 
w a s n o t f o u n d a t t h e h i g h e r p r o t e i n l e v e l ( 1 6 . 5 % ) . S C H E L L I N G et al. ( 1 9 6 7 ) 
s t a t e d t h a t " a l t h o u g h the e v a l u a t i o n of p l a s m a a m i n o acid c o n c e n t r a t i o n a n d 
r u m e n mic rob ia l a m i n o acid c o n t e n t s may b e u s e f u l for the d e t e c t i o n of l i m i t i n g 
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Table 1 
The components of the rations 
(compound feeds) 
Ingred ien t % A в с D E F G H Kr K , 
Maize 46.6 45.6 40.6 39.6 46.6 45.6 35.0 34.0 45.0 70.0 
Barley 24.0 24.0 29.0 29.0 12.0 12.0 23.0 23.00 
— -
W h e a t 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 — — 
H a y meal 5.0 5.25 5.0 5.25 5.0 5.25 5.0 5.25 45.0 25.2 
Sunf lower meal 17.0 17.0 6.5 6.5 29.0 29.00 12.0 12.0 — — 
Soybean meal — 
— — — — — 7.6 — 
S t a r c h 
— — 
10.0 10.0 
— — 
15.6 15.6 
— -
Urea 
— — 
1.5 1.5 
— — 
2.0 2.0 — 2.0 
Sod ium su lpha te 
— — — — — — — 
0.4 
L i m e 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Sal t 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
X l X - V i t a m i n (1) p remix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
AP-18-Mineral (2) p remix 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Biometh in (3) 
— 
0.75 
— 
0 . 7 5 
— 
0.75 
— 
0.75 
— 
1. Composition of XlX-Vitamin premix 
Vi tamin A 
2. AP-18-Mineral premix/kg 
Foszkal (dicalc. phospha te ) 600,000 mg 
Monocalcium phospha t e 300,000 mg 
Magnes ium 30,000 mg 
1,500.000 I U 
Vi t amin D., 300,000 I U 
Vi t amin E 5,000 I U 
Zincbaci t racin 4,000 mg 
Manganese 6,000 ing 
I ron . Iodide. Cobal t , Zinc a n d an t i ox idan t 
1, 2 and 3 are the p roduc t s of P H Y L A X I A (Budapes t ) 
3. 20"., meth ionine 
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Table 2 
Crude chemical composition of the rations 
(compound feeds) 
о 
. о 
Groups Dry 
m a t t e r 
Crude 
protein 
E the r 
ex t rac ts 
Crude 
f ibre 
Ash N F E 
A 90.3 14.0 4.3 5.5 4.3 62.2 
В 91.5 13.8 4.0 5.5 4.9 63 .3 
С 90.8 13.8 3.4 4.1 4.0 65.5 
D 90.5 14.0 3.2 4.2 3.8 65 .3 
E 91.0 16.4 4.5 6.7 4.7 38.7 
F 91.5 16.9 4.7 6.8 5.2 57.9 
G 91.5 16.4 3.0 4.4 4.2 63.5 
H 91.4 16.4 3.7 4.6 4.4 62 .3 
к, 92.5 16.1 4.2 11.9 6.2 54.1 
К , 92.5 17.0 4.3 9.1 5.9 56.2 
Table 3 
Certain parameters of blood plasma in the different groups 
(mean concentrations and standard errors) 
On the 23rd day of f e e d i n g 
Groups Tota l protein. g/100 ml 
To ta l amino acid N. 
mg/100 ml 
Urea, 
mg 100 ml 
A 7.61 ± 0 . 4 6 9.19 ± 1.56 49 .5±6 .30* 
В 7 . 8 5 ± 0 . 3 8 12 .09±0 .98 46 .9±3 .91* 
с 
7 .60±0 .54 11 .09±0.62 66 .5±1 .75* 
D 7.62 ± 0 . 4 8 12 .15±0 .33 59 .7±6 .79* 
E 7 .69±0 .45 11 .33±0 .58 62 .2±2 .78* 
F 9.36 ±0 .48 10.31 ± 0 . 3 5 55 .7±4 .84* 
G 10 .23±0 .85 9 .08±0 .52 72.7 zh 5.21* 
H 9 .59±0 .44 9 .39±0 .98 60 .3±5 .32* 
K t 11.94 ±0 .77 9.11 ±1 .15 70 .6±3 .62* 
K 2 10.97±0.59 8 .86±0 .40 87 .4±13 .97* 
* Signif icant a t a 1% level: F = 3.66 
a m i n o a c i d s i n r u m i n a n t s " , t h e p r o o f o f w h e t h e r s u c h a c o n d i t i o n e x i s t s wi l l 
h a v e t o c o m e a b o u t b y t h e a d m i n i s t r a t i o n o f a m i n o a c i d s i n s u c h a w a y t h a t 
t h e y a r e n o t a v a i l a b l e t o t h e i n t r a r u m i n a l m e t a b o l i s m , t h u s e n s u r i n g t h a t 
t h e s e a m i n o a c i d s a r e a v a i l a b l e t o t h e h o s t a n i m a l . 
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Tab l e 4 
Certain parameters of blood plasma in the different groups 
(Mean concentrations and standard errors) 
On t h e 63rd day of f e e d i n g 
Groups Total pro te in . gm/100 ml 
Tota l amino acid N , 
mg/100 ml 
Urea, 
mg/100 ml 
A 9 . 1 9 ± 0 . 9 7 I 0 . 7 4 ± 0 . 5 9 4 2 . 6 ± 3 . 2 7 * 
В 7.41 ± 0 . 3 0 12.18 ± 0.82 4 0 . 3 ± 3 . 1 8 * 
С 
8.91 ± 0 . 9 3 11.93 ± 0.60 52 .3±2 .67* 
I) 8.72 ± 1 . 0 1 9.91 ± 0 . 7 5 4 8 . 8 ± 4 . 5 6 * 
E 9 . 8 3 ± 0 . 5 8 11 .62±0 .51 54 .8±3 .81* 
F 10.11 ± 0 . 4 9 12 .00±0 .22 56 .3±2 .10* 
G 10.59 ± 1 . 0 1 1 2 . 4 8 ± 0 . 7 9 61 .1±5 .64* 
H 1 0 . 6 3 ± 0 . 3 3 11.50 ± 0.85 56 .7±2 .24* 
К , 10.05 ± 0 . 3 7 1 2 . 6 5 ± 0 . 8 3 59.6 ± 8 . 8 1 * 
к . 1 0 . 2 0 ± 0 . 9 9 11 .42±0 .76 64 .6±2 .30* 
* Signi f icant a t a 5 % level ; F = 3.05 
Urea concentration in blood plasma. B y inc reas ing t h e p r o t e i n level i n 
t h e r a t i o n , t h e u r e a c o n c e n t r a t i o n in t h e b l o o d p l a s m a was i n c r e a s e d (Tab les 
3 a n d 4). T h e a n a l y s i s of v a r i a n c e i n d i c a t e d s i g n i f i c a n t d i f fe rences in the p l a s m a 
u r e a c o n c e n t r a t i o n as a f f e c t e d b y t h e d i f f e r e n t t r e a t m e n t s . T h e s e r e s u l t s 
w e r e i n a c c o r d a n c e w i t h t h o s e r e p o r t e d b y J U H Á S Z — K I R Á L Y ( 1 9 6 1 ) , M C D O N A L D 
( 1 9 6 9 ) , D R O R — B O N D I ( 1 9 6 9 ) , L E I B H O L Z ( 1 9 7 0 ) a n d M C I N T Y R E ( 1 9 7 0 ) , w h o 
f o u n d a h igh ly s i g n i f i c a n t pos i t i ve co r re la t ion b e t w e e n the b l o o d u r e a and t h e 
n i t r o g e n i n t a k e of l a m b s . At t h e s a m e d i e t a r y p r o t e i n level, i t w a s found t h a t 
d i e t a r y u rea r e s u l t e d in an i n c r e a s e in t h e b l o o d urea c o n c e n t r a t i o n , wh i l e 
d i e t a r y m e t h i o n i n e s u p p l e m e n t a t i o n resu l ted in a lower blood u r e a c o n c e n t r a -
t i o n . T h e a d d i t i o n of 0 . 4 % s o d i u m s u l p h a t e w a s a lso f a v o u r a b l e f o r g roup K.,, 
in w h i c h t h e I a m b s rece ived 2 % u r e a in t h e r a t i o n . The e f f e c t of sod ium sul-
p h a t e in i m p r o v i n g t h e u r e a u t i l i z a t i o n gave t h e s ame re su l t s a s m e t h i o n i n e 
w i t h r e s p e c t t o t h e increase in t h e g rowth r a t e of t he l a m b s (MAHMOUD -
M I H Á L K A 1 9 7 6 ) . 
i t was f o u n d t h a t t h e c o n c e n t r a t i o n of u r e a in t h e blood p l a s m a dec reased 
in all t h e g r o u p s a f t e r 63 days of f e e d i n g . This m a y be due to t h e h i g h e r p r o t e i n 
r e q u i r e m e n t of t h e l a m b s d u r i n g t h a t per iod a n d t o the i r h i g h e r b o d y w e i g h t . 
W h e n t h e die t h a d a h igher p r o t e i n c o n t e n t a n d t h e n i t r o g e n w a s ava i l ab l e 
t o t h e a n i m a l in excess of i t s r e q u i r e m e n t s , t h e excess of n i t r o g e n was con-
v e r t e d m a i n l y i n t o u rea and t h e b l o o d urea n i t r o g e n was h i g h . DROR—BONDI 
(1969) s t a t e d t h a t p r o t e i n d e g r a d a t i o n in t h e r u m e n and t h e r e m o v a l of u r e a 
b y t h e k i d n e y s w e r e l imi ted w h e n an excess ive a m o u n t of p r o t e i n was f e d . 
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W h i l e blood u r e a is an accu ra t e i n d i c a t o r for t h e level of d i e t a r y p r o t e i n 
i n t a k e , t h e use of t h i s m e a s u r e m e n t as a t e c h n i q u e f o r assess ing p r o t e i n q u a l i t y 
r equ i r e s t h e work t o b e ca r r i ed o u t u n d e r s t a n d a r d i s e d condi t ions , a s f o u n d 
b y E G G U M ( 1 9 7 0 ) . H i s r e s u l t s o n r a t s s h o w e d a n i n v e r s e r e l a t i o n b e t w e e n t h e 
blood u r e a c o n t e n t a n d t h e biological v a l u e of t h e d i e t , which is s u f f i c i e n t l y 
a c c u r a t e t o p rov ide a u s e f u l m e t h o d f o r t h e p r e d i c t i o n of p r o t e i n q u a l i t y . 
R e f e r e n c e s 
BÁLINT, P . (1962): k l i n i k a i l abo ra tó r i umi d i agnosz t i ka (Clinical l abo ra to ry d iagnos t ics ) , Me-
d ic ina Kiadó , 11. k i a d á s , Budapes t . 
C A F F R E Y , P . J . S M I T H , G . S . N O R T O N , H . W . H I N D S , F . C . — G A H R I G U S , U . S . ( 1 9 6 7 ) : 
N i t r o g e n me tabo l i sm in t h e Ovine. I I . U t i l i za t ion of blood n r e a and a m m o n i a . J . Animal 
Sei . , 2 6 , 601. 
DROH, Y.— BONDI, R. (1969) : Ut i l izat ion of s u r p l u s protein b y sheep . J . Agric. Sei . , 72, 327. 
EGGUM, В . O. (1970): B lood u r e a as a t e c h n i q u e fo r assessing p r o t e i n , qual i ty . B r i t . J . Nu t r . , 
24, 983. 
HOUPT, T . R . (1959): U t i l i z a t i o n of blood u rea in r u m i n a n t s . A m . J . Physiol . , 197, 115. 
JUHÁSZ, В . ( 1 9 6 2 ) : Die W i r k u n g v o n H u n g e r n a u f d e n A m m o n i a k g e h a l t u n d d a s p H d e r P a n -
senf lüss igke i t sowie a u f die Harns to f f - , Cholesterin- u n d Z u c k e r k o n z e n t r a t i o n im Blut . 
A c t a Vet . Acad. Sei . H u n g . , 12. 383. 
JUHÁSZ, В . (1965): E n d o g e n o u s nitrogen cycle in r u m i n a n t s . A c t a Vet . Sei. H u n g . , 15, 25. 
JUHÁSZ, В . KIRÁLY L. (1961) : Über den E i n f l u s s des v e r d a u l i c h e n Eiweissgehal ts i m F u t t e r 
auf den K a r h a m i d - u n d Choles ter ingehal t im Blut der R i n d e r . Acta V e t . A c a d . Sei. 
H u n g . 11, 381, 
JUHÁSZ, В. SZEGEDI, В. (1965) : K a r b a m i d m e g h a t á r o z á s a t a k a r m á n y o k b a n és bendőfo lya -
d é k b a n ( D e t e r m i n a t i o n of urea in f eeds a n d rumen f l u id s ) . Á l l a t t enyész t é s , 14, 193. 
LEIHHOLZ. J . (1970): The e f f e c t of s t a rva t ion a n d low n i t rogen in t akes on the concen t r a t i on 
of f r e e amino acids i n t h e blood p l a sma a n d on the n i t r o g e n metabol i sm in sheep . Aus-
t r a l . J . Agric. Res . , 21 , 723. 
LEWIS, D . HILL, K . J . — A N N I S O N , E . F . ( 1 9 5 7 ) : S t u d i e s o n t h e p o r t a l b l o o d o f s h e e p . 1. 
A b s o r p t i o n of a m m o n i a f rom the r u m e n of the sheep. 2. Absorp t ion of vo la t i l e f a t t y 
ac ids f ront the r u m e n of the sheep. B i o c h e m . J . , 66, 587, 592. 
MAHMOUD, S.—MIHÁLKA, T . (1976): Effec t of t h e level and sou rce of die tary p r o t e i n on ra te 
of g a i n in body w e i g h t of cross-bred l a m b s . J . Agric. R e s . T a n t a Univ . E g y p t , 2, 27. 
MCINTYRE, K . II. (1970): T h e effect of i nc reased nitrogen i n t a k e s on plasma u r e a ni t rogen 
a n d r u m e n a m m o n i a levels in sheep. A u s t r a l J . Agric. R e s . . 21, 501. 
MCINTYRE, K . I I . WILLIAMS, V . J . (1971)- T h e ro le of t h e k i d n e y in n i t r o g e n c o n s e r v a t i o n 
in sheep . Nut r . A b s t . a n d Rev., 41, 108. 
MCDONALD, I. W. (1969): Phys io logy of d i g e s t i o n , and m e t a b o l i s m in the r u m i n a n t . Inter-
n a t i o n a l Encyc loped ia of Food and N u t r i t i o n , 17, P e r g a m o n Press, O x f o r d a n d New 
Y o r k , 87. 
O G I L V I E , M . L . B R A Y , 11. W . H A L S E R M A N D , E . R . — H O E K S T R A , W . G . ( 1 9 6 0 ) : F r e e a m i n o 
ac id a n d N P N levels in the blood and musc le of beef c a t t l e as inf luenced b y st i lbestrol 
a n d p ro te in i n t ake . J . An ima l Sei., 19, 1281. 
POTTER, G. D. (1971): A b o m a s a l ni trogen c o m p o n e n t s as e s t i m a t e s of urea u t i l i z a t i on in ru-
m i n a n t s . Nu t r . A b s t r . a n d Rev.. 41, 905. 
PRESTON, 11. L. PFANDER, W . II . (1963): T h e t echn ique for e v a l u a t i n g pro te in a d e q u a c y in 
l a m b s . J . Animal Sei . , 22, 844. 
PRESTON, II . L. — SCHAKENBERG, D. D. PFANDER, W. Н. (1965): P ro te in u t i l i z a t i on in rumi-
n a n t s . 1. Blood u r e a n i t r o g e n as a f f e c t e d b y protein i n t a k e . J . Nu t r . , 86, 281. 
PRICE, W . D . (1971): E f f e c t of h igh urea levels in purif ied d ie t s o n g rowth r a t e , b lood compo-
n e n t s and rumina i m i c r o b i a l protein s y n t h e s i s in l ambs . N u t r . Abstr . and R e v . , 41, 905. 
SCHELLING, G. T. HINDS, F . C. HATTFIELD, E . E . (1967): E f f e c t of d ie tary p r o t e i n levels, 
a m i n o acid s u p p l e m e n t a t i o n and n i t rogen source upon t h e p lasma free a m i n o acid con-
c e n t r a t i o n in g rowing l a m b s . J . N u t r . . 92 , 339. 
Ada Agronamica Academiae Scienliarum itungaricae 27, 1978 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 27 (1—2), pp. 31—42 (1978) 
BIOPOLYMER METAL COMPLEX SYSTEMS. I I . 
PHYSICAL PROPERTIES OF HUMIC 
SUBSTANCES AND THEIR METAL COMPLEXES 
B y 
S . S Í P O S , É . S I P O S , I . D É K Á N Y , A . D E É R , J . M E I S E L , В . L A K A T O S 
C O L L O I D C H E M I C A L I N S T I T U T E , U N I V E R S I T Y O F S Z E G E D : FACULTY O F C H E M I S T R Y , T E A C H E R ' S 
C O L L E G E S Z E G E D : C E N T R A L R E S E A R C H I N S T I T U T E F O R C H E M I S T R Y , H U N G A R I A N A C A D E M Y 
OF S C I E N C E S , B U D A P E S T 
The molecular we igh t (mwt) a n d m w t d is t r ibut ions of humic s u b s t a n c e s and 
m e t a l h u m â t e s of d i f f e r e n t origin have b e e n determined as a f u n c t i o n of p H a n d electro-
l y t e concen t r a t ion by ana ly t i ca l u l t r acen l r i f i iga t ion and gel f i l t r a t i on m e t h o d s . 1. Aver-
age m w t , part icle size a n d form fac to r s p o i n t to the p r e s e n c e of molecular agg rega t e s 
in a q u e o u s solutions at low p H values . T h e s e aggregates r a p i d l y decompose a t higher 
p H va lues . 2. The c h a n g e in the mwt of h u m i c acids of v a r i o u s origin and age a n d their 
b e h a v i o u r as a f u n c t i o n of p H values s u p p o r t the fact t h a t i n addi t ion to t h e age of 
t h e s ample , all cond i t ions prevai l ing d u r i n g the complex t r a n s f o r m a t i o n m u s t b e t a k e n 
in to considerat ion in t h e i n t e rp re t a t i on of ihe colloidal s t r u c t u r e . 3. T r i v a l e n t meta l 
ions a lmos t exponent ia l ly increase the m w t of humic acids, wh i l e divalent c a t i o n s cause 
only a linear increase. T h e effect of m a g n e s i u m ion is negl ig ib le even at h i g h e r electro-
l y t e concen t ra t ions . 4. Po lyd ispers i ty h a s been inves t iga ted b y dex t ran gel f i l t r a t i o n 
a n d m w t d i s t r ibu t ion of the samples h a s been de te rmined . 
Introduction 
H u m i c s u b s t a n c e s of d i f f e r en t o r ig in (soil, p e a t , l igni te , b r o w n coal) 
v a r y in т а г у r e spec t s ; h o w e v e r , s im i l a r i t i e s in the i r p h y s i c a l p r o p e r t i e s po in t 
t o m a c r o m o l e c u l a r s t r u c t u r e s . H u m i c a c i d s are gene ra l l y composed of a large 
n u m b e r of h igher m w t p a r t i c l e s . 
I n t h e s t u d y of n a t u r a l m a c r o m o l e c u l a r s u b s t a n c e s , t h e fo l lowing p a r a m -
eters m u s t be d e t e r m i n e d : u l t i m a t e a n a l y t i c a l c o m p o s i t i o n and a v e r a g e m w t , 
i.e. r e l a t i v e mass of p a r t i c l e s in d a l t o n s , t h e mwt d i s t r i b u t i o n , as well a s par -
t icle size a n d shape . T h e s e f a c t o r s h a v e a cons ide rab le e f f e c t on t h e p h y s i c a l 
p r o p e r t i e s , i .e. specif ic g r a v i t y , op t ica l d e n s i t y , colour , so lub i l i t y , t h e r m a l and 
e lec t r ica l c h a r a c t e r i s t i c s , e t c . 
A v a i l a b l e d a t a (SCHNITZER—KUAN 1972) show t h a t i t is v e r y d i f f i c u l t 
to o b t a i n re l iable v a l u e s f o r t h e m w t of lu imic s u b s t a n c e s . D i f f e r en t m e t h o d s 
car r ied o u t on the s a m e t y p e s of h u m i c subs t ances a f f o r d e d d i f f e r e n t m w t 
va lues , s o m e t i m e s s h o w i n g d e v i a t i o n s of several o r d e r s of m a g n i t u d e . Th is 
m a y he d u e t o the p l ace of or igin, pos s ib l e c o n t a m i n a t i o n s and t h e a g e of t he 
samples , w h i c h m a y , f u r t h e r , suf fe r v a r i o u s degrees of d e g r a d a t i o n in t h e course 
of e x t r a c t i o n , p u r i f i c a t i o n a n d t r e a t m e n t in aqueous s o l u t i o n s w i t h d i f f e r e n t 
p H v a l u e s . 
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A m o n g t h e m e t h o d s u s e d a re those m e a s u r i n g the n u m b e r - a v e r a g e Mn 
( c r y o s c o p y , o s m o m e t r i c p r e s s u r e , d i f fus ion , i s o t h e r m a l d i s t i l l a t i on ) , w e i g h t " 
a v e r a g e M w ( v i s cos i t y , gel f i l t r a t i o n ) a n d t h e Z -ave rage M z ( s e d i m e n t a t i o n ) 
m w t s . For h o m o g e n e o u s s y s t e m s M„ - Mw = M z , wh i l e f o r h e t e r o g e n e o u s 
s y s t e m s such a s h u m i c s u b s t a n c e s : Mn <7 Mw <С Mz. 
The m w t of h u m i c ac ids h a s been d e t e r m i n e d f r o m t h e r i se in the b o i l i n g 
p o i n t ( F U C H S 1 9 2 8 ) a n d b y v a p o u r p r e s s u r e o s m o m e t r y ( S A M E C 1 9 3 0 ) . W E L T E 
(1952) carr ied o u t m e a s u r e m e n t s on t h e s e d i m e n t a t i o n of h u m i c ac ids in 
a l k a l i n e s o l u t i o n s ; however , o w i n g to the h i g h p o l y d i s p e r s i t y of the s y s t e m 
a n d the d a r k co lou r of t h e s u b s t a n c e , t h e r e s u l t s were n o t qu i t e r e l i ab l e . 
E v a l u a b l e d a t a could he o b t a i n e d only w i t h an opt ical s y s t e m c o n s t r u c t e d 
a n d f u r t h e r d e v e l o p e d by P h i l p o t and S v e n s o n . 
P O S N E R — C R E E T H ( 1 9 7 2 ) c a r r i e d o u t t h e m w t d e t e r m i n a t i o n of h u m i c 
a c i d s by e q u i l i b r i u m u l t r a c e n t r i f u g a t i o n . M w t d i s t r i b u t i o n of humic a c i d s 
a n d their a l k a l i n e salts were d e t e r m i n e d in a q u e o u s s o l u t i o n b y A r c h i b a l d ' s 
u l t r a c • n t r i f u g a t i o n m e t h o d ( R E B A C H U K M A X I M O V 1 9 7 2 ) . 
Several a u t h o r s s t u d i e d t h e m w t d i s t r i b u t i o n of h u m i c subs t ances b y 
t h e ge l f i l t r a t i o n t e c h n i q u e ( C A M E R O N 1 9 7 2 , G J E S S I N G 1 9 6 5 , G J E S S I N G 1 9 7 0 , 
I S H I W A T A R I 1 9 7 1 , K H A N — S C H N I T Z E R 1 9 7 1 , L A D D 1 9 6 9 , L I N D Q U I S T 1 9 6 7 , 
L I N D Q U I S T W E S S L E N 1 9 7 1 , M E H T A 1 9 6 3 , P O S N E R 1 9 6 3 , R A S H I D — K I N G 1 9 6 9 , 
R A S I I I D — K I N G 1 9 7 1 , S E I D E L 1 9 6 6 , S W I F T — P O S N E R 1 9 7 1 , SWIFT et al. 
1 9 7 0 . W E R S H A W — P I N C K N E Y 1 9 7 1 ) . 
In the c o u r s e of our i n v e s t i g a t i o n s , t h e a v e r a g e m w t s of fu lv ic , h y m a t o -
m e l a n i c and h u m i c acids f r o m lowland p e a t , l ign i te and b r o w n coal, as well 
a s t he i r m e t a l c o m p o u n d s w e r e s t ud i ed by m e a n s of an a n a l y t i c a l u l t r a c e n t r i -
f u g e and by t h e gel f i l t r a t i on t e c h n i q u e . I n o r d e r to desc r ibe t h e shape of t h e 
m a c r o m o l e c u l e w e ca lcu la ted t h e f r ic t iona l f a c t o r s f and f n o f some s a m p l e s 
f r o m results o b t a i n e d in o u r s e d i m e n t a t i o n e x p e r i m e n t s . T h e ra t io of t h e s e 
v a l u e s m a y o f f e r m o r e r e l i a b l e i n f o r m a t i o n on t h e m o r p h o l o g y t h a n the d a t a 
o b t a i n e d by v i s c o s i m e t r y . 
The p u r p o s e of our s t u d i e s on m e t a l - h u m i c acid s y s t e m s w a s to d e t e r m i n e 
t h e effect of m e t a l ions on t h e m w t as a f u n c t i o n of the c o n c e n t r a t i o n of m e t a l 
s a l t as a s t r o n g e l ec t ro ly te . 
M a t e r i a l s and M e t h o d s 
Prepa ra t i on , ex t r ac t ion a n d p u r i f i c a t i o n of t h e s a m p l e s ( lowland p e a t f rom Ü s z t a t ó -
m a j o r , Kesz the ly : l i gn i t e f rom E c s é d a n d brown coal f r o m T a t a b á n y a ) w e r e publ ished in t h e 
f i r s t par t of th i s se r ies (LAKATOS e t a l . 1977). See a lso DUCHAUFOUR JACQUIN (1966) , 
JOHNSON—KNOJEWYJ (1966), LINDQUIST (1968), PLEVEN et al. (1967) , STEVENSON— 
-BUTLER (1965), SEIDEL (1966), SIPOS -SIPOS (1967), SIMHA (1945), SIPOS —SIPOS (1968). 
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Purif ied humic acids o b t a i n e d f rom lowland p e a t are pract ical ly monodispers, precipi-
t a t e d from aqueous solution at p H 2.7. Humic acids ex t rac ted f r o m di f ferent types of l igni te 
a n d brown coal, on the other h a n d , were found to be considerably po lydispers , a certain a m o u n t 
of precipi ta t ion could already be observed at p H = 8, which points to h igher -mwt h u m i c acid 
fract ions. P rec ip i t a t ion in ma jo r f r ac t ions s tar ted only below p H - 5 a n d proceeded in mino r 
f ract ions up to pH 1. Prac t ica l ly monodispers f rac t ions sui table fo r u l t r acen t r i fuga t ion , 
therefore, r equ i red the prec ip i ta t ion of several h u m i c acid fract ions. 
Prior to t he examinat ions , the samples m u s t be desalinized w i t h cation and anion-
exchange resins or by means of dialvsis , owing to t h e considerable a m o u n t of sodium chloride 
formed in the course of p repa ra t ion and purif icat ion. According to FLAIG and BEUTELSPECHER 
(1968), for example , the addi t ion of 0.2 M sodium chloride to a h u m i c acid fract ion of 4800 
mol. wt. at p H 4.5 leads to an a p p r o x . 15-fold increase in inwt. 
The hydrogen ion concen t ra t ion of the desalinized samples was ad jus ted with h y d r o -
chloric acid or sodium hydroxide , and mass concen t ra t ion ranged b e t w e e n 0.1 1 g/100 cm 3 . 
All solutions were allowed to s t a n d for 48 hours a n d were measured a t 25°C. 
The m w t of metal h u m â t e s a n d humic subs tances doped wi th va r ious metal ions were 
determined as a funct ion of e lec t ro ly te concent ra t ion . An aqueous solut ion of me ta l salt 
(0.1 —10 cm 3 0.02 M) was added dropwise to a so lu t ion of desalinized humic acid (10 cm 3 , 
0 .075% at p H 2.6). The concen t r a t ion of the s t rong electrolyte was given for t he to ta l 
volume. F rom the total acid n u m b e r (8.8 mequ/g for peat I-hutnic acid, 8.0 mequ/g for pea t 
I I -humic acid, 7.9 mequ/g for l igni te humic acid a n d 6.6 mequ/g for b rown coal humic acid 
(LAKATOS et. al. 1977)), the e lec t ro ly te concentrat ion and the equi l ib r ium constants , q u a n t i -
ta t ive re la t ions in the solution could be derived. Unfo r tuna te ly , however , we have no exac t 
knowledge of t h e lat ter pa ramete r s , except for low m w t fulvic acids (GAMBLE et. al. 1970). T h e 
addi t ion of me ta l salt was s t o p p e d immediately before precipi ta t ion of the metal h u m â t e s . 
All humate solut ions were a l lowed to s tand for 48 hours before measu remen t s , as aggregat ion 
caused by electrolytes is a cons iderab ly slow process . After de t e rmina t ion of the p H va lues , 
the solution was u l t racent r i fuged . The mwts of m e t a l humâtes were determined in an 
electrolyte concent ra t ion range where no prec ip i ta t ion takes place, i.e. the system is in a 
colloidal s ta te , immediate s e d i m e n t a t i o n of the m e t a l humate prec ip i ta tes in the f ield of 
cent r i fugat ion , would, namely, r e n d e r measurements impossible. Therefore , the r ange of 
electrolyte concent ra t ion was f i r s t determined by t u rb id ime t ry . 
In our investigations, we u s e d a MOM ( H u n g a r i a n Optical W o r k s ) t y p e G-120 ana ly t i ca l 
u l t racent r i fuge . On the basis of Svedberg 's re la t ion , I he average m w t s could he ca lcu la ted 
f r o m the sed imenta t ion and d i f fu s ion constants de te rmined at d i f fe ren t hydrogen ion con-
centrat ions. These values were also determined by Archiba ld ' s me thod , a n d from the sed imen-
t a t i o n e q u i l i b r i u m (ELIAS 1961) . 
Mwt dis t r ibut ion s tudies were carried out b y Sephadex G25 Dex t r an gel f i l t r a t i on 
wi th an SF 62 automat ic f r ac t i on collector (made in Czechoslovakia). T h e concentra t ion of 
humic acid f rac t ions was de te rmined f rom the v is ib le light absorpt ion coefficient (л - 450 n m ) 
with a Zeiss-Spekol spec t ropho tomete r on the basis of a cal ibrat ion curve . The d i s t r ibu t ion 
curve was ob ta ined from the concen t ra t ion values p lo t ted against e lu t ion volumes. 
Specific gravities were d e t e r m i n e d by p y k n o m e t r y . Freeze d r i ed or powder samples 
were compressed into disks, u n d e r 910 kg/cm2 p ressure in 10 m m v a c u u m , then dried over 
phosphoric pen tox ide in an exs icca tor for 1 day. 
Solubil i ty was de termined b y weight m e a s u r e m e n t s on the solid phase. 
Results 
B a s e d on the i r s o l u b i l i t y , in the o r d e r of i n c r e a s i n g m w t s , h u m i c s u b -
s t ances m a y be s u b d i v i d e d i n t o the fo l l owing g roups : f u l v i c , h y m a t o m e l a n i c , 
b r o w n a n d g r e y humic a c i d s a n d , f i na l ly , inso lub le h u m i c s u b s t a n c e s . T a b l e 1 
s u m m a r i z e s a v e r a g e m w t v a l u e s of l owland p e a t h u m i c s u b s t a n c e s d e t e r m i n e d 
b y s e d i m e n t a t i o n e q u i l i b r i u m at c o n s t a n t hyd rogen ion c o n c e n t r a t i o n . T h e 
m w t of I - h u m i c acid is h i g h e r t h a n t h a t of I I - h u m i c a c i d , owing to i t s h i g h e r 
p ro t e in c o n t e n t . R e m o v a l of t h e pro te in c o n t e n t by b o i l i n g wi th minera l ac ids 
resu l t s in a d e g r a d e d a n d h y d r o l y s e d l o w e r - m w t h u m i c a c i d . H y m a t o m e l a n i c 
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acids o b t a i n e d by e x t r a c t i o n and t h o s e y i e lded by f e r m e n t a t i o n p r o v e d t o 
b e d i f f e r e n t p r o d u c t s a l so on the bas i s of t he i r m w t s (LAKATOS et al. 
1977). S p e c i f i c g rav i ty v a l u e s a n d u l t i m a t e ana ly t i ca l d a t a of lowland p e a t 
hu in ic s u b s t a n c e s are a lso co l lec ted in T a b l e 1. 
W e s t u d i e d the c h a n g e in m w t as a f u n c t i o n of t i m e , in acidic s o l u t i o n 
a t room t e m p e r a t u r e and c o n s t a n t p H v a l u e s (Table 2). I n t h e case of l o w l a n d 
p e a t b r o w n h u m i c acids, n o c h a n g e could b e de t ec t ed f o r a b o u t 3 weeks a f t e r 
t h e f i r s t m e a s u r e m e n t . D u e to slow a g g r e g a t i o n , h o w e v e r , a c o n s i d e r a b l e 
increase c o u l d be obse rved in 8 weeks a n d a f t e r t h e e lapse of 80 days , t h e m w t 
showed an a l m o s t 3-fold i n c r e a s e . 
Table 1 
Physical properties and ultimate analytical data of peat humic substances 
(pH 2.7; T = 298 °K; t ^ I week) 
Properties 
Hymatomelan ic Brown humic acid 
Gray 
Fulvic 
E x t r a c t e d Ferm. I . I I . H y d r . in . humic acid 
M 640 800 1100 3700 3100 1100 2200 > 1 0 0 0 0 
a) sp. gr. 
g/cm3 1.58 1.57 1.56 1.43 1.54 1.49 1.53 1.6 
b) Ash. % 1.43 1.97 1.22 1.1 0.8 4 .6 2.3 31.1 
F e % * 1 • 10" 6 1 • 1 0 " 3 1 • 10" 6 5 • 1 0 " 3 10- 3 t o - 1 10" 5 1 0 - 1 
c % 38.0 52.2 43.5 49.4 47.5 48 .8 51.5 32.2 
H n n
 /0 5.6 5.8 4.4 4.8 4.0 4 .5 3.9 4 .3 
TV 0/ 4
 /0 0 2.1 2.5 2.4 1.8 1.8 3.5 3.2 
S 0  
э о 
3.0 t r . ** 0.5 2.1 1.6 1.9 2.2 t r . 
CI 0 
1,1 Q t r . t r . t r . t r . t r . 1.6 0.9 t r . 
О » 
e" , о 
52.0 40 47 40.8 45.0 36.8 35.8 31.2 
* T r a n s i t i o n meta l c o n t a m i n a t i o n 10 3 % 
** t r . t r aces 
Table 2 
The change in mwt of peat brown humic acids as a function of time 
(pH = 2.7; T = 298 °K) 
D a y s I-humic acid I I -humic acid 
0 3300 3100 
23 3400 3100 
56 5000 4500 
80 8000 8780 
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Table 3 
The change in mut of peat II-humic acid with pH values 
(T = 298 °K; t = 80 days) 
pH 2.70 5.00 5.50 6.00 6.50 7.00 7.50 8.00 
M 8780 4450 4100 3900 3600 3530 3100 2700 
Table 4 
The change in mu t with pH values of samples of different ages 
(T = 298 °K; t 80 days) 
Brown humic acid sample Ash % 
p H 
5.0 5.5 6.0 6.5 
a) P e a t (Keszthely) 0.8 4450 4100 3900 3600 
b) Ligni te (Ecséd) 0.9 7650 5610 3340 2150 
с) Brown coal (Ta tabánya) 1.0 8350 7900 7200 5300 
A f t e r t h e 80 days , w i t h t h e inc rease of t h e p H v a l u e t h e aggrega te b e c a m e 
d i s a g g r e g a t e d a n d d e p e p t i z e d (Table 3). T h e m w t of h u m i c subs t ances s h o w e d 
a c o n s i d e r a b l e change as a f u n c t i o n of t h e hyd rogen ion c o n c e n t r a t i o n . 
T h e c h a n g e of m w t w i t h h y d r o g e n ion c o n c e n t r a t i o n , in the case of p e a t , 
l igni te a n d b r o w n coal h u m i c acids, a r e col lected in T a b l e 4. As is e v i d e n t 
f r o m t h e T a b l e 4, t he m w t gene ra l l y i n c r e a s e s with the a g e of t h e s a m p l e . M w t 
decreases w i t h t h e i n c r e a s e of p H v a l u e ; i t is highest in t h e case of a l i gn i t e 
s ample w i t h a m e d i u m d e g r e e of c a r b o n i z a t i o n , lower in a n older a n d m o r e 
c a r b o n i z e d b r o w n coal s a m p l e a n d lowes t in young p e a t h u m i c ac ids . 
I n a d d i t i o n to cohes ive forces b e t w e e n the i n d i v i d u a l molecu les a n d 
a g g r e g a t e s , c o n t a m i n a t i o n s (me ta l t r a c e s , b i t u m e n , e t c . ) h inde r ing d i s a g g r e -
ga t ion , m u s t also be t a k e n i n t o c o n s i d e r a t i o n . 
T h i s is also s u p p o r t e d b y the l y o p h o b e cha rac t e r of b rown coal h u m i c 
acids a n d t h e c o n s i d e r a b l y h igh ash c o n t e n t of the h i g h - m w t samples . 
T a b l e 5 ind ica tes t h e s e d i m e n t a t i o n (S) and d i f f u s i o n (D) c o n s t a n t s of 
l igni te h u m i c acids as well as ave rage m w t s (M) d e t e r m i n e d by th ree d i f f e r e n t 
m e t h o d s , p a r t i c l e size (r) a n d f r i c t ion r a t i o s (f/f„) as a f u n c t i o n of p H v a l u e s . 
As can be seen, s e d i m e n t a t i o n c o n s t a n t s , average m w t s and p a r t i c l e size 
dec rease w i t h the i nc r ea se of p H v a l u e s . On the o t h e r h a n d , t h e d i f f u s i o n 
c o n s t a n t s i n c r e a s e p r o p o r t i o n a l l y w i th t h e increase in p H va lue . T h e s e r e s u l t s 
are in a g r e e m e n t w i th ea r l i e r e x p e r i m e n t s , according t o which the m o l e c u l e 
is m o r e a g g r e g a t e d a t l o w e r p H v a l u e s , whi le it b e c o m e s pep t ized a n d the 
p a r t i c l e w e i g h t and size dec rease a t l o w e r hydrogen i o n c o n c e n t r a t i o n s . 
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Table 5 
The change in mu t and morphologie parameters of lignite at different pH values 
(T = 298 °К; t J week) 
p H 5.0 5.5 6.0 6.5 
S • 1 0 " 1 3 2.16 1.95 1.62 1.35 
D • 1 0 - 6 3.14 3.75 4.35 5.72 
M ( A r c h i b a l d ) 6 2 5 0 4860 3120 2300 
M (Sed . equ.) 7 6 5 0 5610 3340 2150 
M (Sed . vel .) 6 1 7 0 4800 3350 2400 
r ( A ) 6 0 45 39 27 
f/f» 1.25 1.17 1.1 1.05 
The a b o v e c o n s i d e r a t i o n s are also s u p p o r t e d by t h e r a t i o of f / f 0 c h a r a c -
te r i s t i c of t h e s h a p e of t h e mo lecu l e , n a m e l y , a t lower p H va lues , whe re t h e 
molecules f o r m re la t ive ly l a r g e aggregates , a s y m m e t r y of t h e molecule is i n u r e 
p robab l e . E . g . a t p H = 5 t h i s va lue is 1 .25 , which m e a n s t h a t the p a r t i c l e 
shows the g r e a t e s t spherical a b e r r a t i o n . A t h i g h e r p H v a l u e s , t he axial r a t i o 
g r adua l l y d e c r e a s e s and a t p H = 6.5 the m o l e c u l e is a l m o s t comple t e ly s p h e r -
ica l . Wi th c o n s i d e r a t i o n of t h e formula i n t r o d u c e d b y SIMIIA (1945), a x i a l 
r a t i o 5 would c o r r e s p o n d to f a c t o r 1.25 a n d a x i a l ra t io 2 t o f a c t o r 1.05. A t t h i s 
p o i n t , m o l e c u l a r aggrega tes a l m o s t ent i re ly d i s a p p e a r a n d t h e par t ic le size is 
r e d u c e d a p p r o x i m a t e l y t o h a l f i t s value. 
It m a y b e u n a m b i g u o u s l y s ta ted t h a t t h e change in t h e m w t of h u m i c 
a c i d s wi th t h e p H value has a g r e a t effect o n t h e i r colloidal s t a t e . Large m o l e -
c u l a r a g g r e g a t e s fo rmed a t l o w e r p H values f a l l i n t o smal le r f r a c t i o n s at h i g h e r 
p H values d u e t o p e p t i z a t i o n . N a t u r a l l y , o n l y a ce r ta in p o r t i o n of t h e p a r -
t i c l e s are a g g r e g a t e d , as t h e H + ions or m e t a l ions are m o r e likely to f o r m 
n o n - b r i d g e d b o n d s t h a n b r i d g e s be tween t h e par t ic les . T h u s , t he m e a s u r e d 
M shows a c o n t i n u o u s slow c h a n g e aga ins t H + or meta l i o n c o n c e n t r a t i o n . 
T h i s a s s u m p t i o n is ver i f ied b y s e d i m e n t a t i o n a n d d i f fus ion c o n s t a n t s , a v e r a g e 
m w t values, p a r t i c l e size a n d f o r m fac tors . 
Similar ly t o hyd rogen i o n s , due to t h e i r posi t ive c h a r g e , the d i f f e r e n t 
c a t i o n s exer t a more or less aggrega t ing e f f e c t on t h e n e g a t i v e charge of 
co l lo ida l h u m i c par t ic les . T h i s e f f e c t depends o n t h e n a t u r e , c h a r g e and r a d i u s 
of t h e ions, in o t h e r words, on t h e po la r i za t ion p rope r t i e s , i . e . po la r iz ing p o w e r 
a n d po la r i zab i l i t y of the c a t i o n s . M e a s u r e m e n t s were c a r r i e d o u t in a q u e o u s 
so lu t i on , whe re p a r a m e t e r s of t h e h y d r a t e d ion m u i t a b o lie t a k e n in to a c c o u n t . 
T r iva l en t c a t i o n s e.g., a l u m i n i u m ( I I I ) , i r o n ( I I I ) , a n d c h r o m i u m ( I I I ) i o n s 
c a u s e cons ide rab l e agg rega t ion (F ig . 1). W h i l e a cons ide rab l e increase in t h e 
c o n c e n t r a t i o n of a l u m i n i u m ( I I I ) and c h r o m i u m ( I I I ) ions l e a d s to a n e a r l y 
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e x p o n e n t i a l increase in t h e m w t , t h e e f f e c t of i r o n ( I I I ) ions gives a s igmoid 
cu rve ( F i g . 1). I n t h e l a t t e r we m u s t a lso cons ider t h e f o r m a t i o n of i r o n ( I I ) 
ions c a u s e d b y r e d u c t i o n wi th h u m i c ac ids , w h i c h r e s u l t s in p a r t l y m i x e d 
i r o n ( I I ) a n d i r o n ( I I I ) h u m â t e s (see B i o p o l y m e r — m e t a l c o m p l e x s y s t e m s . 
P a r t I V . ) . 
2 000 1 1 1 1 1 L— 
0 0.1 0.2 0 3 0.A 0.5 
С TO"3 mol I dm3 
Fig. 1. Change in average mol . wt . of I I I - h u m i c acid doped wi th t r iva len t metal ions a t pH 2.7, 
as a f u n c t i o n of metal ion concentra t ion . Abscissa: metal ion concent ra t ion 10~ 3 mol /d inf 
Ord ina te : average molecular weight 
T h e a g g r e g a t i n g e f f ec t of d i v a l e n t t r ans i t i on m e t a l ca t ions d e c r e a s e s in 
t h e f o l l o w i n g o rde r : c o p p e r ( I I ) > i r o n ( I I ) ~ c o b a l t ( I I ) ~ n icke l ( I I ) > z i n c ( I I ) 
7> m a n g a n e s c ( I I ) , a n d t h i s is a p p r o x i m a t e l y t h e o r d e r of s t a b i l i t y c o n s t a n t s 
of h u m i c ac id — m e t a l complexes (see B i o p o l y m c r — m e t a l c o m p l e x s y s t e m s 
P a r t V I I I . ) . As cart b e seen in Fig. 2, w i t h t h e increase i n c o n c e n t r a t i o n of d iva l -
en t c a t i o n s (except f o r i r on ( I I ) ) a n e a r l y l inear m w t i n c r e a s e can be o b s e r v e d . 
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Fig. 2. Change in average mol. wt . of I -humic acid doped with divalent m e t a l ions at pH 2.7, 
as a funct ion of m e t a l ion concen t ra t ion . Abscissa: m e t a l ion concent ra t ion 10 ~3 mol /dm 3 . 
Ord ina te : average molecular weight 
Table 6 
The change in mwt of peal hroun humic acid with the concentration of alkaline earth metals 
(pH = 2.7; T = 298 °K; t = 1 week + 2 days) 
Electrol i te E lec t ro l i t e Cone. 
10 — 3 mol /dm 3 
M 
— 
0 2200 (I I I -humic acid) 
CaCl2 0.35 2960 
0.76 3700 
1.50 4500 
1.41 6000 
1.63 a) precipi ta ted 
Mg(C104)2 3.6 2100 
5.0 2000 
9.0 a) prec ip i ta ted 
— 0 3300 (I-humic a-id) 
CaCl, 1.50 3550 
2.35 3700 
3.35 3850 
3.92 4050 
4.87 a) precipi ta ted 
— 0 3700 (I-humic acid) 
Mg(C104)2 10 3700 
14 3600 
16 a) precipi ta ted 
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T h e e f f e c t of ca lc ium a n d m a g n e s i u m ions has been s t u d i e d (Table 6) . 
I t is e v i d e n t f r o m T a b l e 6 t h a t while c a l c i u m ions cause a l i n e a r increase in 
m w t , s imi la r t o t h e a g g r e g a t i o n of d i v a l e n t t r a n s i t i o n m e t a l ions (Fig . 2) , 
m a g n e s i u m ions do n o t r e su l t in a n y a g g r e g a t i o n . A s imi la r p h e n o m e n o n c a n 
be obse rved in t h e case of M g 2 + a n d c lay m i n e r a l s . A p r o b a b l e e x p l a n a t i o n 
of th i s o b s e r v a t i o n is t h e l a rge size of h y d r a t e d m a g n e s i u m ions (r = 0.428 n m ) , 
a n d t h u s , t h e i r w e a k po la r i z ing e f fec t (see p o s i t i o n of t h e m a g n e s i u m ion in 
t h e l y o t r o p i c series) . 
S imi la r co r re l a t ions c a n he obse rved b e t w e e n t h e c o n c e n t r a t i o n of d i f f e r -
e n t m e t a l ions a n d t h e m w t of h u m i c acids o b t a i n e d f r o m s a m p l e s of v a r i o u s 
ages (Fig. 3). E x a m i n a t i o n s were car r ied o u t a t p H = 5, s i n c e a t lower p H 
Fig. 3. Change in average mol. w t . of peat I I -humic acid, lignite I -humic acid and brown coal 
humic acid at p H 5, as a func t ion of meta l ion concent ra t ion . Abscissa: metal ion concen-
t ra t ion ] 0 ~ 3 mol /dm 3 . Ordinate : average molecular weight Fe2^" — • — conta ins F e 3 + t o o . 
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Ve /cm3/ 
Fig. 4. Molecular weight d i s t r ibu t ion curve of f e rmen ta t ion p e a t h u m i c and h y m a t o m e l a n i c 
ac ids as a funct ion of e lut ion volume (Ve) 
Ve / cm 3 / 
Fig. 5. Molecular weight d i s t r ibu t ion curve of f e rmenta t ion pea t humic and h y m a t o m e l a n i c 
acids doped w i t h copper- I I ion, as a funct ion of e lu t ion volume 
va lues m e a s u r e m e n t s w e r e d i f f i cu l t to p e r f o r m due t o t h e r a p i d s e d i m e n t a t i o n 
of l igni te a n d b r o w n coal h u m i c acids. 
O u r d e x t r a n gel f i l t r a t i o n s t u d i e s on f e r m e n t a t i o n h u m i c ac ids w i t h 
1100 d a l t o n average m o l . we igh t show t h a t these c o m p o u n d s are c o m p o s e d 
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of a 7 0 % higher m o l . weight b r o w n h u m i c acid f r a c t i o n and a 3 0 % l o w e r m o l . 
w e i g h t h y m a t o m e l a n i c acid f r a c t i o n (Fig. 4) . Th i s f e r m e n t a t i o n h y m a t o -
m e l a n i c acid d o p e d w i t h e.g. c o p p c r ( l l ) ions l e a d s t o a p r a c t i c a l l y m o n o d i s p e r s e 
f r a c t i o n (Fig. 5) 
F u r t h e r gel f i l t r a t i o n e x p e r i m e n t s oil l i gn i t e a n d b r o w n coal h u m i c ac id s , 
a r e i n progress . 
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I N D U C E D M U T A T I O N I N T H E R O S E CV. GULZAR A N D E F F E C T S 
O F C H E M I C A L A N D P H Y S I C A L M U T A G E N S ON P L A N T G R O W T H 
A n u m b e r of new varie t ies of o rnamenta l p l a n t s produced and re leased as a result of t h e 
induction of mu ta t i ons have been l isted by SIGURBJORNSSON — MICKE (1969). In roses too 
a number of m u t a n t s have been ob ta ined by NAKAJIMA KAWARA (1965) a n d by many o t h e r 
w o r k e r s ( N A K A J I M A 1 9 6 5 , 1 9 6 6 , N I S H I D A et al. 1 9 6 7 , CHAN 1 9 6 6 , STREITBERG 1 9 6 6 a , b , c , 
N Y B O M 1 9 7 0 , S A I T O 1 9 7 0 , N Y B O M — K O C H 1 9 6 5 . D O M M E R G U E S et al., 1 9 6 7 , G U P T A S H U K L A 
1 9 7 0 , S W A R U P et al. 1 9 7 1 , K A I C K E R - S W A R U P 1 9 7 2 , S W A R U P et al. 1 9 7 2 ) . B R O E R T -
JES (1970) suggested tha t all possible measures should be t aken to decrease diplontic selection 
and thus offer the muta t ed cell a m a x i m u m chance of t a k i n g par t in shoot fo rmat ion . T h e 
present s t u d y was unde r t aken to see the effect of b o t h physical and chemical m u t a g e n s on 
growth and induct ion of m u t a t i o n in the rose cv. " G u l z a r " ( a hybr id seedling from t h e cross 
Kiss of F i re X Prelude released by I. A. R. I.). 
B u d w o o d of " G u l z a r " was t r ea ted dur ing December 1970 with g a m m a rays in a g a m m a 
cell, f i t t ed wi th a 2000 curie source of CoW) in Augus t 1963, at t h e Division of Genet ics , 
I. A. R. I. (delivery 2 to 2.2 kr /min. ) . The i r rad ia ted buds , about 100 per t r ea tmen t a t 5, 
7.5 and 10 kr , were removed f r o m the scion wood and T-budded on E d w a r d rootstock. In the 
second m e t h o d scion wood with d o r m a n t buds was d ipped in a 100 ml b e a k e r containing va r ious 
concent ra t ions of EMS (ethyl m e t h a n e sulphonate) prepared in 0.1 M p h o s p h a t e buffer , w i t h 
A D 
Fig. 1. The chimeric appearance of the muta t ion , a) " G u l z a r " control , b) Striped " G u l z a r " 
(af ter E. M. S. 0 .25% T R T ) 
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a pH of 7. Sc ions dipped for 16 h r s in 0.25, 0.5 a n d 1% solutions of EMS were kep t a t a room 
tempera tu re of 25° —28°C. In a n o t h e r method, a f t e r i r radiat ion (5 kr gamma rays) chemical 
t r ea tment w i t h 0.25",, EMS w a s applied. The m e t h o d suggested b y WESTWOOD et al. (1963) 
was utilized t o determine the b u s h volume af te r o n e year of growth of t rea ted buds. The signi-
ficance of the t r e a t m e n t was ca l cu la t ed by a p p l y i n g t he the " t " t e s t . 
The p resence of f l o r a c h r o m e A and В in t h e control and m u t a n t s of Gulzar was s tudied 
by using RAMAN'S (1970) t e c h n i q u e , which was also adopted by KAICKEK PANDEY (1973). 
0.5 g fresh pe t a l s were crushed a n d extracted in 15 ml of acetone to e x t r a c t the floral p igments , 
which were quan t i t a t ive ly e s t i m a t e d speetroscopically using a "Spec t ron i c 20" (В and L) 
a t 630 to 570 n m respectively. 
Percentage bud take. Tab le 1 gives observat ions on the percentage b u d take, the f r equency 
of muta t ion a n d the phenotyp ic expression of t h e m u t a n t s . I t is no t iced t h a t the sp rou t ing 
of the buds general ly decreased w i t h the increase of b o t h chemical (EMS) and physical ( g a m m a 
irradiation) m u t a g e n t r ea tmen t s , t hough it was s l ight ly greater in t he 0 .5% EMS t r e a t m e n t 
t h a n in the lowes t dose of 0 . 2 5 % . There was no s p r o u t i n g of buds in t h e 10 kr t r e a t m e n t . The 
post i r radia t ion (5 kr) t r e a t m e n t w i t h 0.25% E M S gave 6% s p r o u t i n g of buds. 
Kate of sprouting, survival and grouth. Whi l e in the chemical mu tagen t r e a t m e n t the 
buds sprouted immediate ly a f t e r 15 — 20 days of t r e a t m e n t , those in t h e 5 kr and 7.5 kr g a m m a 
ray t r e a t m e n t s took about 5 6 m o n t h s in some cases. However, no such perceptible difference 
was observed in t he case of chemica l t r ea tmen t s (EMS 0.25%) a f t e r i r radiat ion (5 kr) . Two 
plants in the g a m m a ray t r e a t m e n t and two in the E M S t r ea tmen t fa i led to survive a f te r hav ing 
a t ta ined 15 — 20 cm growth. F r o m the mean hush volume (growth d a t a ) of t he t r e a t e d and 
control p lan t s , i t is evident t h a t only the 0.25% E M S t r ea tmen t h a d a mean volume higher 
t han tha t of t h e control. The d i f ferences were s igni f icant over t h e cont ro l at the 5 % level in 
the 1% EMS a n d 5 kr and 7.5 k r g a m m a ray t r e a t m e n t s , where t h e g rowth was s ignif icant ly 
Table 1 
Percentage of sprouting, mean grou th and frequency of mutation in rose cv. Gulzar 
after mutagen treatments 
No. T r e a t m e n t 
B u d 
sp rou t -
ing 
Mean 
value 
of bush 
af ter 
1 yr. 
(c cm) 
S t a n d a r d 
devia t ion 
Values 
of t for 
P = 0.5 
% 
m u t a -
t i o n 
Mutation pheno type 
1. Control 81 3430 834.322 1.960 
2. EMS 0 . 2 5 % 35.2 3585 1279.24 0.11 1.78 Blue striped on 
red base 
3. EMS 0 . 5 % 40.16 2545 1278.08 0.69 — — 
4. EMS 1 .0% 4.2 278 194.00 16.2* — — 
5. 5 k r 10.6 530 495.711 5.8* 12.4 Deep crimson 
stripes on red 
base 
6. 7.5 kr 3.7 88 90.60 36.8* — 
7. 10 kr — 
-
— — 
-
8. 5 k r + 0 .25% EMS 6 1245 1.375.79 1.5 
-
— 
* Significant over the cont ro l at the 5% level 
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reduced . The growth dif ferences were non-s ignif icant with post i r r ad ia t ion chemical m u t a g e n 
t r e a t m e n t . 
Frequency of different mutants and their isolation. F rom the d a t a presented in Tab le 1 
on the percentage m u t a t i o n it is ev ident t h a t the f requency of t h e blue striped " G u l z a r " 
m u t a n t was 1.78% a f t e r t he 0 .25% EMS t r e a t m e n t and t h a t of t he m u t a n t hav ing f lowers 
wi th deep crimson stripes on a red base was 12.4% af ter the 5 kr t r e a t m e n t . After the combined 
t r e a t m e n t wi th two m u t a g e n s ( i r radiat ion J - EMS) the effect was no t marked ei ther fo l the 
f r e q u e n c y or for the g rowth of the t r ea ted buds . Al though the d i f ference in growth was signi-
f i can t in t he 1% EMS a n d the 5 and 7.5 k r g a m m a ray t r e a t m e n t s , ne i ther the higher doses 
of EMS (0.5 and 1",,) nor t he 7.5 kr g a m m a ray t r e a t m e n t gave any m u t a t i o n . The only o ther 
marked difference tha t was observed in chemical t r ea tmen t s w i t h E M S and the recovery of 
m u t a t i o n was the isolat ion technique ut i l ized for it. Consequent u p o n t he diplontic selection 
the m u t a t e d sector, which was too small t o he detected in the f i r s t yea r of growth in t h e sup-
posed m u t a n t plant , could be recovered by the p run ing or decap i t a t ion of the p r imary shoots 
dur ing a u t u m n leaving only a few of the basa l buds, e.g. the buds of t he f i r s t leaf circle. These 
buds , w h e n thus forced t o b reak , gave rise to new growth dur ing t h e win te r and showed the 
m u t a t e d phenotypic express ion in March. I n the case of the i r r a d i a t e d t r e a t m e n t s t h e two 
m u t a t e d branches arose f r o m the 3rd a n d 4 t h node of the p r imary shoot . The other six nodes 
t h a t gave new shoots were normal in the i r f lower characteris t ics . 
Biochemical analysis of floraehromes A and B. 0.5 g f resh pe t a l acetone ex t r ac t s f rom 
the f lowers of the control Gulzar and its b lue s t r ip ted m u t a n t revealed t h a t bo th f lo raehromes 
A and В were present in t h e m (see KAICKER—PANDEY 1973). The opt ica l densi ty at 630 nm 
in the b l u e striped m u t a n t of " G u l z a r " was reduced f rom 0.25 (in t h e control) to 0.15, t he reby 
ind ica t ing t h a t " G u l z a r " conta ined less f lo rachrome A (blue p igment ) t h a n the m u t a n t derived 
f rom it . F o r f lorachrome В the readings of opt ical densi ty for the cont ro l and its m u t a n t were 
0.44 a n d 0.24 respectively. 
Descr ip t ion of t he in te res t ing m u t a n t s 
Deep crimson striped Gulzar. This is a m u t a n t obtained a f t e r t he 5 kr g a m m a r a y t r ea t -
ment . T h e chicf character is t ic of its f lower is the deep crimson s t r ipes on the scarlet coloured 
base of t h e petals. There was no other change ei ther in the n u m b e r of petals per f lower or in 
t he n u m b e r of blooms per hush . The m u t a n t was obtained as a pericl inal chimera on one shoot 
while t h e rest of the b r a n c h e s were normal . The mu tan t has been successfully m a i n t a i n e d 
in the Л M2 and successive generat ions, by budd ing the eyes f rom the a f fec ted shoot separa te ly 
elsewhere. 
Blue striped "Gulzar". This is a m u t a n t ob ta ined a f te r 0 .25% E M S t r e a t m e n t (P l a t e 1). 
In t he f i r s t year all the b r anches obta ined were normal , h u t dur ing t h e second year of g rowth , 
induced by severe head ing back (3 4 inches), one of the side shoots t h a t arose p roduced the 
s t r iped f lower . Here the m a u v e coloured s t r ipes give a highly con t r a s t i ng look on t h e deep red 
base of t h e petals. The n u m b e r of petals per f lower as also t he n u m b e r of f lowers carr ied on the 
p lant were not affected. Th i s cv. has since been released as Madhosh in 1975 for commercia l 
cu l t iva t ion . 
T h e primary effect observed for b o t h physical and chemical m u t a g e n s was a decrease 
in hud t a k e in all the t r e a t m e n t s . The r ad i a t ion t r e a tmen t s delayed t he sprout ing of t h e buds 
and the 10 kr dose of g a m m a rays was f o u n d to be too drastic. This is in line with our prev ious 
observa t ions , as well as t hose of other workers (SWARUP et al. 1971, KAICKER —SWARUP 1972, 
S T R E I T B E R G 1 9 6 6 a , b , c , 1 9 6 8 , D O M M E R G U E S et al. 1 9 6 7 , S P A R R O W 1 9 6 1 , G O R D O N 1 9 5 7 , 
BISHOP 1967). The rose h u d a t the t ime of i r rad ia t ion is multicellular a n d has a def ini te n u m b e r 
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f o r in i t ia t ion of n o d e s and f lower b u d . BROERTJES (1967) s t a t e d t h a t t h o s e cu l t i va r s t h a t are 
h e t e r o z y g o u s for s e v e r a l colour g e n e s m u t a t e easily. T h e s a m e is t r u e fo r " G u l z a r " , wh ich has 
a complex a n c e s t r y ; one of its p a r e n t s , ' "Pre lude" , h a s m a u v e co lou red f lowers . BROERTJES 
(1970) and m a n y o t h e r workers (SWAMINATHAN 1958, NAKAJIMA 1965) h a v e sugges ted t h a t in 
mul t i ce l lu la r p r o p a g u l e s , as in v e g e t a t i v e l y p r o p a g a t e d p l a n t s l ike t h e rose , head ing b a c k is 
e s sen t i a l in o rde r t o res t r ic t the e f f e c t of undes i r ed d ip lon t i c se lect ion. Th i s m e t h o d , w h e n 
a p p l i e d by use e v e n a f t e r one y e a r of g r o w t h , r e su l t ed in t h e express ion of a m u t a t e d pheno-
t y p e in the 0.25°,, E M S t r e a t m e n t , w h e r e i n t he m u t a t e d cell essent ia l ly h a d a m a x i m u m chance 
of t a k i n g p a r t in t h e f o r m a t i o n of a s h o o t , which, w h e n f o r m e d h a d b l u e s t r i p e d f lowers on a red 
b a s e . It has been obse rved t h a t t h e d e e p cr imson s t r i p e d m u t a n t of " G u l z a r " arose f r o m 3rd 
a n d 4 th nodes of t h e pr imary s h o o t a f t e r i r r ad i a t i on w i t h a 5 kr dose of g a m m a rays . The 
t h e o r y p r o p o u n d e d b y KAPLAN (1953) a n d adop ted b y m a n y workers (GROBER 1959, ZWINTZ-
S C H E R 1 9 5 5 , 1 9 6 2 , N A K A J I M A 1 9 6 6 , S W A R U P et al. 1 9 7 1 , K A I C K E R — S W A R U P 1 9 7 2 ) , 
t h a t most of t h e m u t a t i o n s are c o n f i n e d t o hasal b u d s a n d u p to t h e l a s t a f f e c t e d leaf , has been 
o b s e r v e d to ho ld good in the p r e s e n t case as well. DERMEN (1960) sugges t ed t h a t t h e 2nd 
h i s t o g e n i c l aye r , L — I I , f rom w h i c h t h e germ cells a r e o r ig ina ted , c o n s i s t s of cells h a v i n g a 
g e n o t y p e h e t e r o z y g o u s for a d o m i n a n t gene which c o n t r o l s t h e red p i g m e n t a t i o n of young leaves 
a n d shoots. Th is h a s been s u p p o r t e d b y t h e work of PRATT et al. (1959), PRATT (1967). BROWN 
(1966) and SAGAWA — MEHI.QUIST (1957 ) , who h a v e s t a t e d t h a t w h e n t h e v a r i e t y is i r r ad i a t ed , 
t h e cell layer L — I is easily d e s t r o y e d a n d this u rges t h e ep ide rmis or t h e t i ssue b e n e a t h it t o 
s u b s t i t u t e to cell l a y e r L — I I a n d t h e n t he recessive p h e n o t y p e a p p e a r s . SINCLETON (1954), 
h o w e v e r , is of t h e v i e w t h a t w h e n a p l a n t ma te r i a l , in wh ich some alleles are in t h e he te ro-
z y g o u s condi t ion , is i r r ad ia ted , a r e c e s s i v e p h e n o t y p e t h a t has been m a r k e d b y t h e ac t ion of 
a d o m i n a n t gene a t t h e same locus wi l l a p p e a r in some p r o b a b i l i t y m o s t l y as t h e resu l t of the 
loss of a very s m a l l piece of c h r o m o s o m e on which t h e d o m i n a n t gene is l oc a t e d . P e r h a p s b o t h 
t h e s e fac tors m a y b e responsible fo r t h e va r i ed s p e c t r u m o b t a i n e d in i r r a d i a t e d a n d chemica l 
m u t a g e n t r e a t m e n t s , when appl ied t o t h e same cv. " G u l z a r " . K n o w l e d g e of t he cytological 
p a r a m e t e r s of t h e s e m u t a n t s o b t a i n e d f r o m d i f f e ren t t r e a t m e n t s m a y p e r h a p s ind ica te a p lau-
s ib l e exp l ana t i on f o r i t . This view s e e m s t o be s u p p o r t e d b y t he o b s e r v a t i o n s of SPARROW et al. 
(1963) and KONZAK et al. (1965), w h o s t a t e d t h a t r a d i a t i o n a n d a lkyl a l k a n e s u l p h o n a t e s induc-
e d d i f fe ren t m u t a t i o n spectra . H o w e v e r , t he ev idence fo r s p e c t r u m d i f f e r e n c e s would be more 
m e a n i n g f u l if t h e c a u s a l r e l a t ionsh ip t o t he ac t ion of t h e m u t a g e n or a b iochemica l r eac t ion 
of t h e organism c o u l d he iden t i f ied . 
I r r a d i a t i o n h a s been m o r e u s e f u l t h a n chemica l m u t a g e n s in p r o d u c i n g m u t a t i o n s in 
a s e x u a l l v p r o p a g a t e d c r o p s ( N Y B O M KOCH 1 9 6 5 , N Y B O M 1 9 7 0 , B O W E N 1 9 6 5 , MOES 1 9 6 6 , 
KAMARA- BRUNNER 1970). EMS w a s m o r e ef fec t ive as a m u t a g e n on d ip lo id cu l t iva r s of rose 
t h a n on polyplo ids (HESLOT 1968). DOMMERGUES et al. (1967) used b o t h g a m m a r a y s and E M S 
t o o b t a i n a n u m b e r of m u t a n t s f o r s h a p e of petals , f l o w e r colour, g r o w t h h a b i t , e tc . in rose 
c u l t i v a r s of 2n, 3 n a n d 4n origin, w h i c h are similar t o ou r o b s e r v a t i o n s in t h e p resen t s t u d y . 
T h e negat ive r e s u l t s ob ta ined w i t h h i g h e r c o n c e n t r a t i o n s of E M S (0.5 a n d 1 . 0 % ) and as a post-
i r r a d i a t i o n t r e a t m e n t m a y he due t o i n s u f f i c i e n t p e n e t r a t i o n of t h e c h e m i c a l s a t a h igher dose. 
H o w e v e r , it is e v i d e n t t h a t higher c o n c e n t r a t i o n s of E M S caused a g r e a t e r p r o p o r t i o n of phy-
siological d a m a g e ( m e a s u r e d as a d e c r e a s e d p e r c e n t a g e s p r o u t i n g of t h e b u d s , a n d a s ign i f ican t 
dec rea se in the o v e r a l l grow th a f t e r o n e yea r ) and c o n s e q u e n t l y no m u t a t i o n s . Recen t ly it ha s 
b e e n realised (MIKAELSEN et al. 1968, SAVIN et al. 1968) t h a t , in genera l , b y us ing p re soaked 
s e e d s lower c o n c e n t r a t i o n s of E M S m a y be emp loyed , t h u s y ie ld ing h ighe r e f f ic iency for a 
g i v e n t r e a t m e n t . T h e resul ts on t h e i so la t ion a n d q u a n t i t a t i v e e s t i m a t i o n of f l o r a c h r o m e A 
a n d В have also i n d i c a t e d the i n c r e a s e of f l o r a c h r o m e A (blue p i g m e n t s ) , as is visible in t he 
E M S - i n d u c e d b l u e s t r iped m u t a n t of " G u l z a r " . 
In conc lus ion it m a y be s t a t e d t h a t EMS possesses p roper t i e s of h igh m u t a g e n i c ef fec-
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t iveness on rose. T h e r e is perhaps a g rea te r need to work on the methodology of appl icat ion 
t h a t may make chemica l mutagens more effective for a sexua l ly propagated p l an t s , as well as 
011 me thods for the r e d u c t i o n of diplont ic selection and for obtaining m u t a t e d sectors which 
could be easily s p o t t e d . 
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E F F E C T S O F R E C U R R E N T BORO (DRY) S E A S O N P L A N T I N C 
ON H E R E D I T A R Y C O N V E R S I O N O F AMAN R I C E 
Among the t h r e e t rad i t iona l g roups of rice, viz. aus ( a u t u m n ) , a m a n (winter) and boro 
( s u m m e r ) , grown in W e s t Bengal, t h e a m a n varieties have been found to f lower regularly when 
t h e d a y length is be tween 11.8 and 12.5 hours during t h e boro season exhib i t ing op t imum 
g r o w t h and yield. T h e increased yield d u r i n g the boro season is largely a t t r i b u t e d to the higher 
i n t e n s i t y a n d d u r a t i o n of s u n l i g h t ( D A S GUPTA 1974 , D E DATTA —ZARATE 1 9 7 0 ) a n d t o t h e 
g r e a t e r adaptab i l i ty of a m a n variet ies u n d e r the climatic condi t ions of the season. It has been 
e s t i m a t e d tha t the da i ly solar energy ava i lab le in the t ropics dur ing the boro season is approxi-
m a t e l y 550 — 600 g cal c m - 2 d a y - 1 as aga ins t 3 0 0 - 350 g c m - 2 d a y - 1 dur ing t he kharif season, 
w h i c h is characterised b y cloudy m o n s o o n weather . These fac t s t hus ind ica te t he possibility 
of increas ing the yield of qual i ty grains in t h e country by adop t ing the large scale cul t ivat ion 
of a m a n varieties d u r i n g the boro season wi th assured i r r iga t ion . 
This aspect ha s un fo r tuna t e ly been neglected for a long t ime owing to t he prevalent 
p r ac t i c e of growing rice during the boro season only on v e r y l imited areas , a n d then , too, 
o t h e r t h a n aman var ie t ies . Lack of apprec ia t ion of the possibi l i ty of select ing sui table a m a n 
cu l t i va r s , and of de t e rmin ing the o p t i m u m plant ing t ime a n d t h e requis i te i n p u t and manage-
m e n t factors t e m p e r e d to the boro condi t ion of cul ture h a v e cons t i tu t ed t h e const ra ints in 
t h i s regard despite t h e fac t t h a t several observat ions of good pe r fo rmance b y qui te a number 
of a m a n varieties d u r i n g the boro season have been repor t ed . 
The first ob jec t of the s tudies r epo r t ed herein has , therefore , been to assess the per-
f o r m a n c e and analyse t h e behaviour of a number of a inan variet ies , which were subjected to 
ea r ly and late p l an t ings in the boro season. Recurrent p l an t ing on the f ixed da t e s for four con-
secu t ive years f rom 1967 to 1970 b r o u g h t fo r th an in te res t ing result . Delayed p lant ing (i.e. in 
F e b r u a r y ) caused a shor tening of a b o u t 40 days in the d u r a t i o n of f lowering and matur ing . 
T h i s phenomenon was very clearly discernible in two of t he four a m a n var ie t ies s tudied. 
Considering t h e gradual shor t en ing of flowering d u r a t i o n in the progeny of the succeed-
ing yea rs in some a m a n varieties, i t seems logical to p r e sume t h a t the c l imat ic conditions of 
t h e la te , i.e. F e b r u a r y p lant ing , whe the r those prevalent a t sowing or f rom p lan t ing to ma tu r i t y , 
m i g h t have caused some metabolic changes in the seeds (RAJKI et al. 1972) resul t ing in be t te r 
a d a p t i o n and early m a t u r i t y under t h e climatic condi t ions of t he la te boro season. Even as 
e a r l y as in 1868, the g rea t evolut ionary biologist Darwin suggested t h a t env i ronmenta l changes 
a f f ec t i ng body t issues dur ing their deve lopmen t result in t he fo rmat ion of changed gemmules 
or sexual elements. If th is is so, t h e n such aman variet ies , which have shown significant ear-
l iness in matur i ty , p r e sumab ly in response to some n a t u r a l cl imatic t r e a t m e n t a t some growth 
p h a s e or the other du r ing the late boro season, ought to express a similar reac t ion even dur ing 
a d i f fe ren t season, if t he qual i ty and q u a n t i t y of the e n v i r o n m e n t specific for the phenomenon 
were to prevail. RAJKI et al. (1972) sugges ted t h a t the l iving body requi res for i ts var ious 
physiological processes , and for t h e fo rmat ion of its va r ious organs, those envi ronmenta l 
cond i t ions from which the analogous processes and organs developed in previous generations. 
W i t h the above background in v iew the seeds of one such a m a n v a r i e t y (Nagra 41/14) 
f r o m the February p l an t ing were g rown for four consecut ive years (1967- 68 to 1970 — 71) 
in t h e late boro season, and then b r o u g h t in to the kharif season of 1971 which followed imme-
d i a t e l y , along wi th t h e seeds of the s a m e var ie ty f rom t h e previous (1970) khar i f harvest , and 
t h e react ion of the p l a n t s f rom these t w o sets of seeds were cri t ically s tudied in t e r m s of growth, 
f lower ing and yield as t h e second ob jec t in these studies. 
There were t w o series of e x p e r i m e n t s conducted a t t h e Rice Research S ta t ion , Chinsurah 
( W e s t Bengal). 
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Table 1 
Effect of date of planting on days to flower and duration 
Date 
Var i e ty December 15th J anuary 
1967 68 1968 69 1 9 6 9 - 7 0 1 9 7 0 - 7 1 Mean 1 9 6 7 - 6 8 1968 - 69 
(a) Days 
Lat isa i l 150 151 152 150 151 130 128 
S. R . 26B 151 151 150 150 151 131 133 
Indrasa i l 150 148 148 149 149 134 136 
Nagra 41/14 155 155 154 154 155 140 139 
Mean 152 151 151 151 134 134 
C. D. at 5% P : Var ie ty = 1.53. D a t e of planting = 1.32, Var ie ty X Da te of plant ing = 
= 2.65 
(b) Duration 
Latisail 180 181 180 179 180 160 159 
S. R. 26B 180 179 177 181 179 160 163 
Indrasa i l 180 179 178 178 179 164 165 
Nagra 41/14 183 184 184 182 183 168 177 
Mean 181 181 180 180 163 164 
C. D. at 5% P: Var ie ty - 1.60. Date of planting = 1.38, V a r i e t y x D a t e of plant ing 
= 2.76 
Series I. The e x p e r i m e n t was c o n d u c t e d for four consecut ive years du r ing the boro 
season f r o m 1967 — 68 to 1970 — 71. Al together four varieties, viz. Lat isai l , S. R. 26B. Indrasail 
and N a g r a 41/14, were employed in t h e s t u d y . 
S p r o u t e d seeds of each var ie ty were sown in sed beds on th ree p lan t ing da t e s , viz. on 
the f i r s t d a y of November , December and J a n u a r y each year. Dur ing the four yea r s of experi-
m e n t a t i o n successive seed generat ions of each var ie ty were a lways raised in an una l t e red 
sowing t i m e envi ronment . The different va r ie t i e s f rom each p l an t i ng da te were a l lo t ted t o 
i nd iv idua l non-repl icated plots (10.5 m x l . 8 m) a t r andom. On each un i t p lot , 45-day-old 
seedlings were t r a n s p l a n t e d in rows 22.8 cm apa r t on 15th December , 15th J a n u a r y a n d 15tli 
F e b r u a r y , using one h e a l t h y seedling per hill . E a r emergence, when more t h a n 5 0 % of the 
p l an t s h a d flowered, was n o t e d for each v a r i e t y . Dura t ion (50% p l a n t m a t u r i t y ) was similarly 
scored. Yield da ta were t a k e n a f te r t h o r o u g h dry ing of the gra ins in t h e sun. For th i s purpose 
the m e a n of 20 plants selected a t r a n d o m f r o m each of the var ie t ies for each p l an t i ng da te was 
t aken i n t o considerat ion. D a t a on the ave rage m a x i m u m and m i n i m u m t e m p e r a t u r e , br ight 
sunsh ine hours , percentage h u m i d i t y and t o t a l rainfal l dur ing t h e seasons were collected from 
the meteorological un i t of t h e Research S t a t i on . 
Ser ies I I . The e x p e r i m e n t was conduc t ed for three consecut ive years in the kha r i f season 
of 1971 —1973 employing t h e va r i e ty N a g r a 41/14 which had showed a gradual r educ t ion in 
f lower ing dura t ion and an i m p r o v e m e n t in yield in the la te boro season ( F e b r u a r y p lant ing) 
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of the aman varieties during the boro (dry) season 
of planting 
15th February 15th 
1 9 6 9 - 7 0 1 9 7 0 - 7 1 Mean 1 9 6 7 - 6 8 1 9 6 8 - 6 9 1 9 6 9 - 7 0 1 9 7 0 - 7 1 M e a n 
to flower 
131 133 131 110 108 107 113 110 
131 135 133 108 112 114 115 112 
134 135 135 114 108 109 113 111 
141 142 141 114 110 108 110 111 
134 136 112 110 110 113 
in days 
160 161 160 142 139 139 145 141 
160 164 162 140 145 145 146 143 
162 164 164 144 139 141 140 141 
169 170 169 145 140 137 139 140 
163 165 143 140 141 143 
during t h e previous years of exper imenta t ion u n d e r Series I. The seeds of the boro h a r v e s t 
f rom the F e b r u a r y p lan t ing of 1970 — 71, along w i t h t he seeds of t h e same variety f r o m t h e 
previous khar i f ha rves t (1970), were used for ra is ing t h e two sets of exper imenta l p o p u l a t i o n s 
in the f i r s t yea r (1971, khar i f ) . Dur ing the subsequen t two years of exper imenta t ion ( k h a r i f , 
1972 and 1973), t he seeds collected f rom the p l a n t s of earlier boro ha rve s t ed seeds a n d t h e 
seeds collected f r o m the p lan ts of t he previous kha r i f descent only were used for r a i s ing t h e 
popula t ion of t he set des ignated as kharif harves ted seeds. 
The e x p e r i m e n t was conduc t ed in a r andomized block design w i t h three r ep l i ca t ions . 
The net size of t he un i t plot w a s 5 x 3 m. 25-day-old hea l thy seedlings (sown on J u n e 12 th 
every year ) were t r ansp l an t ed every year on Ju ly 7 t h wi th a spacing of 20 X 15 cm, u s i n g t w o 
seedlings per hill. D a t a were collected on f lowering a n d matu r i ty d u r a t i o n (based on obser-
vat ion on 5 0 % p lan t s per plot) , a n d on grain yield a n d produc t iv i ty (based on 10 p l a n t s pe r 
plot per repl icat ion) . D a t a on c l imat ic factors were collected f rom t h e meteorological u n i t of 
the Sta t ion . 
Series 1 results . I r respect ive of the var ie ty , t h e t ime required f r o m sowing to f l o w e r i n g 
decreased l inearly as the da te of p l an t ing was de layed f r o m December t o February ( T a b l e 1). 
Thus, amongs t the t h r ee da tes of p lant ing , s igni f icant ly earlier f lower ing was noted i n t h e 
Feb rua ry 15th p l an t ing and la tes t in t he December 15 th plant ing (Fig . 1). Amongst t h e d i f f e r -
ent variet ies, f lowering was no t ed earliest in Indrasa i l in t he December p lant ing , and in La t i s a i l 
4 * Acta Agronomica Academiae Scientiarum Hungaricae 27, 197ft 
5 2 V A R I A 
— DATE OF PLANTING  
Fig. 1. Effer t of d a t e of plant ing oil days to f lower a n d duration of t h e rice varieties d u r i n g 
t h e boro season (Lat isai l : Open circles, S. R. 26B: Solid circles, Ind rasa i l : Open t r i ang les , 
N a g r a 41/14: Solid t r iangles) 
Table 2 
Percentage of flowering in the February 15th planting 
V a r i e t y 1 9 6 7 - 6 8 1968 69 1 9 6 9 - 7 0 1 9 7 0 - 7 1 Mean 
Latisai l 51 33 51 11 36.5 
S. R . 26B 44 5 26 5 2 0 . 0 
Indrasa i l 5 29 92 88 53.5 
Nagra 41/14 5 30 56 100 47.8 
Table 3 
Analysis of variance 
Source of 
D. F. 
Days to f lower Durat ion in days 
variation 
M. S. S. F . va lue M. s. s. F. va lue 
Year 3 7.01 2.06 NS 5.17 1.40 N S 
Varie ty 3 52.67 15.49** 29.17 7.88* 
D a t e of p lant ing 2 6588.16 1937.69** 6081.51 1643.65** 
Variety X 
D a t e of p lant ing 6 24.59 7.23** 23.81 6.44* 
Er ror 33 3.40 3.70 
* S ign i f ican t a t 5 % level 
** Signif icant a t 1% level 
NS Not s ignif icant 
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in the J a n u a r y a n d F e b r u a r y p lant ing . I t should, however , he noted tha t f lower ing of the a m a n 
var ie t ies in the F e b r u a r y plant ing w a s very scanty a n d erra t ic (Table 2), b u t in two of t h e 
variet ies , namely Indrasa i l and N a g r a 41/14, the f lower ing gradually i m p r o v e d af ter cont i -
nuous plant ing for fou r consecutive yea r s . The effect of va r i e ty , date of p l an t i ng and the in ter-
ac t ion between t h e t w o was highly s ignif icant with respec t to flowering (Table 3). 
Both the d a t e s of planting a n d var ie t ies produced significant ef fects on the grain yield 
dur ing all four yea r s of exper imenta t ion (Tables 4, 5 a n d Fig. 2). In all the var ie t ies , m a x i m u m 
yield was a t t a ined in the December p l a n t i n g and then decl ined sharply as p l an t i ng was delayed 
u p to Februa ry 15th. The signif icantly low yield dur ing t he February p l an t i ng is a t t r i b u t e d 
to irregular and s can ty flowering in all t he aman variet ies , par t icular ly du r ing the early years . 
Whi le analysing t he re la t ive pe r fo rmances of the d i f fe ren t varieties, it was no ted tha t Lat isai l 
gave t he highest yield dur ing the D e c e m b e r and J a n u a r y plant ings bu t in t h e Februa ry p lan t -
ing a greater yield was obtained in N a g r a 41/14. It a p p e a r s f rom the resul t s t h a t rice var ie t ies 
responded to da t e s of p lant ing a t a s igni f icant level (Table 5). In general, t h e r a t e of product iv-
i ty was highest in the December p l a n t i n g and sharply declined as the d a t e of plant ing was 
delayed, giving t h e lowest values iu t h e February p l an t i ng (Table 4, Fig. 2). Amongst t h e 
var ie t ies the h ighes t r a t e of p roduc t iv i ty was recorded in Nagra 41/14, i r respect ive of the d a t e 
of p lant ing. The va r i a t i on due to yea r and da te of p l an t ing was found to be s ignif icant in th is 
respect (Table 5). 
Series I I r e su l t s . I t is evident f r o m the results (Tab le 6) tha t the boro and kharif har -
ves ted seeds of the a m a n variety N a g r a 41/14 produced a significant d i f fe rence with respect 
t o days to f lower, m a t u r i t y and p roduc t iv i ty , when g rown during t h e subsequen t khar i f 
seasons. Variat ion d u e to the year, however , was not s igni f icant with respect t o any of the prop-
ert ies except p r o d u c t i v i t y . The re la t ive ly higher p roduc t i v i t y obtained w i t h t h e boro harves ted 
seeds, despite t he s l ight ly lower yield, resul ted mainly f r o m decreased d u r a t i o n in the khar i f 
season. 
Fig. 2. Effect of d a t e of plant ing on g ra in yield and p roduc t iv i ty of the rice varieties dur ing 
t he boro season (Lat isai l : Open circles, S. R. 26B: Solid circles, Indrasai l : Open triangles, 
Nagra 41/14: Solid t r iangles) 
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Table 4 
Effect of date of planting on grain yield and production 
Var ie ty 
Date 
Deeeniber 15th 
1970 71 
Janua ry 
1 9 6 7 - 6 8 1968 69 1 9 6 9 - 7 0 Mean 1 9 6 7 - 6 8 1 9 6 8 - 6 9 
(a) Grain yield 
Latisail 46.4 45.8 34.5 50.0 : 44.2 8.3 14.9 
S. R. 26B 38.7 40.5 26.8 41.7 36.9 8.9 10.7 
Indrasai l 41.7 32.1 41.1 38.7 38.4 11.3 12.5 
Nagra 41/14 51.8 32.9 30.4 47.6 40.7 6.0 11.9 
Mean 44.7 37.8 33.1 44.5 8.6 12.5 
C. D. a t 5°„ P: Var ie ty = 0 .66 ,Dateof p lant ing = 0.57, Var ie ty x Date of p lan t ing = 1.14 
(b) Productivity 
Latisail 25.8 25.3 19.2 27.9 24.6 5.2 9.4 
Sf j R. 26B 21.5 22.6 15.1 23.0 20.6 5.6 6.6 
Indrasail 23.2 17.9 23.1 21.7 21.5 6.9 7.6 
Nagra 41814 28.3 17.9 16.5 26.2 22.2 3.6 7.1 
Mean 24.7 20.9 18.5 24.7 5.3 7.7 
C. D . a t 5 ° 0 P: Var ie ty = 4.32. Date of p lant ing = 4.74, Var ie ty X Date of p lan t ing = 7.50 
The mos t in te res t ing f ea tu re of the inves t iga t ion in th i s series was the p e r p e t u a t i o n of 
s igni f icant earliness in f lower ing and m a t u r i t y of the boro h a r v e s t e d seeds ( f rom t h e Februa ry 
15th p lan t ing) compared t o t he kharif ha rves ted seeds dur ing all t h r ee years of expe r imen ta t ion 
(Table 6). Recalling the resu l t s of Series I, it m a y be noted t h a t t he February 15 th plant ing 
in the boro season induced significant earl iness and m a t u r i t y in t he plants c o m p a r e d to those 
of ei ther t h e December or t h e J a n u a r y p lan t ings dur ing all t h e previous four yea r s of experi-
m e n t a t i o n ( 1 9 6 7 - 6 8 t o 1 9 7 0 - 7 1 ) . 
There are two a spec t s of the basic p rob l em of max imiza t ion of p roduc t ion in Indian 
rice agr icul ture : (i) the shor ten ing of the d u r a t i o n of the a tnan var ie t ies during the i r t rad i t ional 
kharif season of culture, a n d (ii) t he adopt ion of large scale cu l t iva t ion of aman var ie t i es under 
a new cl imat ic si tuat ion d u r i n g the boro season. Essential ly t h e s e call for, among o the r things, 
the select ion of suitable var ie t ies , the de t e rmina t i on of the o p t i m u m t ime of p l a n t i n g and the 
appl ica t ion of proper fer t i l izer doses. The resu l t s of A few prev ious exper iments (CHOUDHURY— 
GHOSH 1 9 6 6 . D E DATTA — Z A R A T E 1970 , DAS GUPTA 1 9 7 4 , a n d o t h e r s ) , i n c l u d i n g t h o s e of t h e 
present au thors , have he lped in recognizing t he possibility of the a m a n group of rices flowering 
dur ing t he boro season of cul ture and h a v e also made possible the ident i f ica t ion of a good 
number of aman variet ies t h a t show such a potent ia l i ty dur ing t he boro season. Howeve r , the 
ques t ion of the selection of suitable a m a n var i t ies for boro cu l tu re and the e x t e n t of their 
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of the aman varieties during the boro season 
of planting 
15th February 15th 
1 9 6 9 - 7 0 1 9 7 0 - 7 1 Mean 1 9 6 7 - 6 8 1 9 6 8 - 6 9 1 9 6 9 - 7 0 1 9 7 0 - 7 1 Mean 
(q/ha) 
27.4 31.5 20.5 3.0 0.40 16.1 0.06 4.9 
22.0 14.3 14.0 1.5 0.04 0.1 0.02 0.4 
19.6 20.2 15.9 0.4 2.40 7.1 17.90 7.0 
26.2 36.9 20.3 0.4 1.10 24.4 35.70 15.4 
23.8 25.7 1.3 0.99 11.9 13.42 
rate (kg/ha/day) 
17.1 19.6 12.8 2.10 0.30 11.60 0.04 3.51 
13.8 8.7 8.7 1.10 0.03 0.10 0.01 0.31 
12.1 12.3 9.7 0.30 1.70 5.00 12.80 4.95 
15.5 21.7 12.0 0.30 0.80 17.80 25.70 11.15 
14.6 15.6 0.95 0.71 8.63 9.64 
Table 5 
Analysis of variance 
D. F. 
Grain yield Productivity r a t e 
va r ia t ion 
M. S. S. F. value M. S. S. F . va lue 
Year 3 3.26 5.17** 124.75 4.59** 
Variety 3 1.89 3.00* 51.08 2.25 NS 
Date of p l an t ing 2 46.21 73.35** 1227.63 45.22** 
Variety X D a t e of 
plant ing 6 0.26 0.41 NS 24.10 0.89 NS 
Error 33 0.63 27.15 
* Significant at 5 % level 
** Significant at 1% level 
NS N o t significant 
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Table 6 
Effect of boro and kharif harvested seeds on flowering, duration, yield and productivity of the aman variety Nagra I / / / / 
during the kharif seasons of 1971—73 
Year 
Days to f lower Dura t ion in days 
Grain yield 
q / h a 
P roduc t iv i t y ra te 
(kg/ha /day) 
Boro Khar i f Boro Kha r i f Boro Khar i f Boro Kha r i f 
1971 
1972 
1973 
Mean 
C. D. a t 5% P for source 
of seed 
93 
93 
94 
93 
1 
132 
135 
134 
134 
29 
121 
122 
123 
122 
1 
162 
164 
163 
163 
32 
20.2 
19.2 
16.9 
18.8 
0 
21.8 
20.7 
18.9 
20.5 
16 
16.7 
15.8 
13.8 
15.4 
1 
13.4 
12.6 
11.6 
12.5 
07 
Analysis of variance table 
Days to f lower D u r a t i o n Grain yield P roduc t iv i ty 
var ia t ion D. F . 
M. S. S. F . va lue M . S . s. F. va lue M. .s. s. F. value M. S. S. F . va lue 
Block 2 0.39 0.26 NS 1.17 0.75 NS 0.069 2.88 NS 3.13 2.98 NS 
Year 2 1.39 0.91 NS 2.17 1.38 NS 0.153 6.38* 8.39 8.00** 
Source of seed 1 7320.50 48.1612** 7646.72 4870.52** 0.123 5.13* 38.13 36.31** 
Year X source of seed 2 3.50 2.30 NS 0.73 0.47 NS 0.002 0.08 NS 0.47 0.45 NS 
Error 10 1.52 1.57 0.024 1.05 
* Signif icant a t 5 % level 
** Significant a t 1% level 
NS Not s ignif icant 
VARIA 5 7 
response in t e r m s of durat ion and yield under varied p lan t ing dates dur ing the boro season h a s 
yet r emained unresolved. 
Viewed in this context , the resul ts of the inves t iga t ions in Series I present certain b r o a d 
t rends with respect to f lowering a n d yield. 
In t h e December 15th and J a n u a r y 15th p lan t ings none of the a m a n varieties showed 
noticeable i r regular i ty with respect to flowering. This seems, therefore, to suggest full ecolo-
gical e s t ab l i shment of the a m a n var ie t ies under the growing conditions of t he early boro season . 
However, d u r i n g the February 15th plant ing a s ignif icant irregulari ty in f lowering with s te r i le 
grains leading t o decreased yield and product iv i ty was noted. These resu l t s no twi th s t and ing , 
in at least t w o of the four a m a n variet ies , namely Indrasa i l and Nagra 41/14, flowering r a d u a l l y 
improved, resu l t ing in a propor t iona l increase in yield in the succeeding years . I t is t h u s evi-
dent t ha t even the short day sensi t ive ainan var ie t ies may be made t o f lower and p roduce a 
sat isfactory yield under the u n f a v o u r a b l e env i ronmen ta l condit ions of t he Februa ry p l a n t i n g 
b y means of con t inuous cu l t iva t ion over a number of years . The present f ind ings may t h u s be 
indicative of t he fac t t ha t rice var ie t ies could slowly he acclimatised t o condi t ions other t h a n 
their normal condit ions, as all are almost certainly of the same origin and have in t he course 
of t ime become specially a d a p t e d to their par t i cu la r envi ronment . 
The s igni f icant shortening in the t ime f rom sowing to flowering a n d m a t u r i t y ( d u r a t i o n ) 
under delayed plant ing poses r a the r an interest ing problem. I t was obse rved t h a t in all four 
aman var ie t ies the t ime required f rom sowing to f lowering or m a t u r i t y decreased l inearly as 
t he date of p l an t i ng was delayed f rom December to Februa ry . A l though delayed p l a n t i n g , 
par t icular ly t h e February 15th p lant ing , produced a very low yield of grains, t h e results u n d o u b t -
edly indicate t he possibility of g radua l es tab l i shment of at least some of t he aman va r i e t i e s 
under the growing condit ions of t he la te boro season as early ma tu r ing s t ra ins . 
The n e x t per t inent ques t ion t h a t was probed was whether such an earliness ill d u r a t i o n 
of the a m a n var ie t ies , perpetual ly expressed in four successive late boro season sowings, could 
be regarded as the heredi tary t r ans fo rma t ion of an acquired character . A n d , in this r e g a r d , 
i t is very in te res t ing to note t h a t the results ob ta ined in the second exper imenta l series con-
ducted successively over a period of three years provided a clearly a f f i r m a t i v e answer. The t r a i t 
in question was similarly expressed even under the d i f ferent env i ronmenta l conditions of t h e 
kharif season. DARWIN (1909) s t a t ed t h a t , unde r cer ta in conditions, o rgan isms may s l ight ly 
alter their ex i s t ing character is t ics dur ing ontogeny a n d several of the proper t ies thus acqu i r ed 
are inheri ted b y their progeny. Thus , t he decreased du ra t i on of the a m a n var ie ty Nagra 41/14 
in the khar i f season, which was lacking in the ini t ial pa ren t seed, and which developed a s 
a result of t he changed env i ronmen t of the la te boro season (in the F e b r u a r y 15th p lan t ing) , 
may be i n t e r p r e t e d in te rms of t h e inher i tance of acqui red character is t ics (RAJKI et al. 1972). 
DARWIN (1868) also strongly suggested t h a t the inher i tance of acqui red character is t ics is 
obviously possible. 
Two ques t ions emerge f r o m the results of t he two successive series of exper iments . 
First ly, wha t f ac to r or factors are responsible for t he marked earliness in m a t u r i t y of p l a n t s 
of aman var i t ies dur ing the F e b r u a r y 15th p l an t ing? And, secondly, w h a t is the f u n d a m e n t a l 
basis of the s ignif icant ly early g r o w t h dura t ion of t he boro harvested seeds compared to t h e 
kharif ha rves t ed seeds? 
In th i s connect ion it m a y be of great re levance to examine t he resul t s of both series 
critically in t e r m s of interact ion be tween the average t e m p e r a t u r e and d a y l eng th of the g r o w t h 
dura t ion, or in t e r m s of w h a t are commonly k n o w n as "phenologica l" records (NUTTONSON 
1948). 
An i n - d e p t h s tudy of t h e phenological records (Table 7) compiled dur ing the exper i -
menta l per iod of Series I ev ident ly shows t h a t a l t hough t he rice p l a n t s va r i ed quite s ignif i-
cant ly with respec t to flowering and dura t ion due to t he change in t he d a t e of plant ing, t h e 
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Table 7 
Phenology of aman rice during the boro (dry) season (Records covering 
the experimental period under Series I ) 
F r o m planting to ma tu r i ty 
Date of 
»owing 
Date of 
planting Y e a r 
Date of 5 0 % 
flowering 
Date of 
ma tu r i ty 
Days 
Day-
degrees 
(°C) 
Average 
length 
of day 
(hrs) 
Average 
lenght of day 
multiplied 
by day-
degrees 
Nov. 1st Dec. 15th 1967 — 68 1. 4. 68. 30.4.68. 137 3120 11.38 35,505 
1 9 6 8 - 6 9 31.3.69. 30.4.69. 137 3127 11.38 35,585 
1 9 6 9 - 7 0 31.3.70. 29.4.70. 136 2992 11.38 34.049 
1 9 7 0 - 7 1 31.3.71. 29.4.71. 136 2995 11.38 34,081 
Mean 31.3. 30.4. 137 3059 11.38 34.805 
Dec. 1st J a n . 15th 1 9 6 7 - 6 8 13.4.68. 12.5.68. 118 2909 11.88 34.554 
1 9 6 8 - 6 9 13.4.69. 13.5.69. 119 2947 11.88 35,010 
1 9 6 9 - 7 0 13.4.70. 12.5.70. 118 2847 11.88 33,822 
1 9 7 0 - 7 1 15.4.71. 14.5.71. 120 2891 11.88 34.339 
M e a n 14.4. 13.5. 119 2899 11.88 34,432 
J a n . 1st Feb . 15th 1 9 6 7 - 6 8 22.4.68. 23.5.68. 98 2720 12.22 33,238 
1 9 6 8 - 6 9 20.4.69. 20.5.69. 95 2582 12.22 31,552 
1 9 6 9 - 7 0 20.4.70. 21.5.70. 96 2538 12.22 31,014 
1 9 7 0 - 7 1 23.4.71. 23.5.71. 98 2559 12.22 31,265 
Mean 21.4. 22.5. 97 2600 12.22 31,767 
(a) T h e summation of (lay-degrees consists of the summat ion of all mean daily t empera -
tures above 0°C (Nuttonson 1948) 
flowering occu r r ed at an a lmos t cons tan t mul t ip le of the average l e n g t h of day and the s u m m a -
tion of t o t a l d a y degrees. T h u s , t he durat ion of rice varieties a p p e a r s to be associated with 
a response t o m o r e than one env i ronmenta l f a c t o r , namely, to a combina t ion of the average 
length of d a y a n d the s u m m a t i o n of day degrees. I t appears , there fore , t ha t the t e m p e r a t u r e 
must be t a k e n in to account in s tudies dealing w i t h t he relat ion of rice varieties to l eng th of 
day. As m a y be observed in t he t ab le , the stage of 5 0 % flowering on March 31st of the December 
15th p l an t ing c a n he in t e rp re t ed as having been b rough t about by a combina t ion of 3,059 day 
degrees a n d 1 1.38 hours of a v e r a g e daylight, w hile in the case of t h e Feb rua ry 15th p l an t ing 
the same s t a g e occurring on Apr i l 21st appears t o have been b r o u g h t about by a combina t ion 
of 2,600 d a y degrees and 12.22 hours of average dayl ight . Thus , it m a y he suggested t h a t the 
flowering of a m a n rices is b r o u g h t about by a combina t ion of e i ther a relatively higher sum-
mation of d a y degrees and s h o r t e r days or by a relat ively lower s u m m a t i o n of day degrees 
and relat ively longer days. I n o t h e r words, i r respect ive of the da te of plant ing, f lowering in the 
rice var ie t ies seems to occur u n d e r a number of combina t ions of t e m p e r a t u r e and d a y l e n g t h 
conditions. NUTTONSON (1948) also observed in Marquis wheat t h a t blossoming or head ing in 
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Table 8 
Phenology of the boro and hharif harvested seeds of the aman variety 
Nagra 41114 during the kharif seasons of different years 
(Records covering the experimental period under Series I I ) 
From planting t o m a t u r i t y 
Source of 
seed 
Date of 
sowing 
D a t e of 
p l a n t i n g Year 
D a t e of 
5 0 % 
f lower ing 
Date of 
matur i ty 
D a y s 
Day-
degrees 
(°C) 
Average 
length 
of day 
(hrs) 
Average 
length of day 
multiplied 
b y day-
degrees 
Boro June 12th J u l y 7 th 1971 11.9.71. 9.10.71. 95 2656 12.47 33,120 
<1970- 1972 13.9.72. 12.10.72. 97 2793 12.47 34,829 
1971) 1973 14.9.73. 13.10.73. 98 2780 12.45 34.611 
Mean 13.9. 11.10. 97 2743 12.46 34,187 
Kharif June 12th J u l y 7 th 1971 22.10.71. 22.11.71. 138 3721 12.12 45,099 
(1970) 1972 25.10.72. 23.11.72. 141 3834 12.12 46,468 
1973 24.10.73. 22.11.73. 140 3759 12.12 45,559 
Mean 24.10. 22.11. 140 3771 12.12 45,709 
some var ie t ies appears t o be associated w i t h a response to more t h a n one env i ronmen ta l factor , 
namely , t o a joint effect of t he average l e n g t h of day and t he s u m m a t i o n of d a y degrees in the 
vege ta t ive stage. 
Again , linking t h e phenological r eco rds (Table 8) wi th t h e results ob ta ined in Series I I , 
it becomes evident t h a t a l t h o u g h the boro ha rves t ed and kha r i f harvested seeds of t h e amau 
var ie ty Nagra 41/14 were of the same basic genotype , the ear l iness in dura t ion occurred only 
in the boro harvested seeds , which received a lmos t an ident ical mult iple of t he ave rage length 
of day a n d the s u m m a t i o n of to ta l day degrees dur ing the kha r i f season as t h a t of t he previous 
late boro season (in t he F e b r u a r y 15th p l a n t i n g ) . The average values of the mul t ip l e of day 
length a n d day degrees in t h e boro and k h a r i f seasons were respect ively 31,767 (Table 7) and 
34,187 (Table 8). On t h e o t h e r hand, the k h a r i f harvested seeds had a r equ i remen t of 45,709 
uni t s of th i s multiple f r o m plant ing to m a t u r i t y . Thus, agreeing wi th the views of RAJKI et al. 
(1972), i t may be conc luded tha t also in r ice the inher i tance of acquired charac ter i s t ics is 
possible even under a d i f f e ren t seasonal env i ronmen t , p r o v i d e d tha t those env i ronmenta l 
condi t ions f rom which t h e analogous processes developed in p r e v i o u s generat ions exis t . Under 
the inf luence of a change in the quality a n d quan t i t y of t he env i ronmen t as p r eva l en t during 
the l a t e boro season (in t h e February 15th p lant ing) , the m e d i u m matur ing (163 days) aman 
var ie ty Nagra 41/14 was t h u s t rans formed in to an early m a t u r i n g (122 days) v a r i e t y . 
Nevertheless, t h e a b o v e conclusion m u s t remain t e n t a t i v e till the role of phenology on 
the f lower ing and m a t u r i t y of aman va r i t i e s of rice is cr i t ical ly s tudied under control led con-
di t ions of day length a n d tempera ture . 
Wha teve r the f u n d a m e n t a l basis m a y be, however, t h e f a c t remains t h a t it is possible 
to reduce the growth d u r a t i o n of the a m a n var ie t ies of rice, w h i c h are normally g rown exten-
sively dur ing the kharif season in preference t o other variet ies , b y the influence of t h e environ-
men ta l condit ions of t h e l a t e boro season (in the February 1 5 t h planting), and t h a t it is also 
possible to reproduce t h i s acquired charac te r i s t i c in the khar i f season. This m e t h o d of shorten-
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ing the dura t ion of a m a n varieties, w h i c h still con t r ibu te near ly 90",, of q u a l i t y grains in t h e 
c o u n t r y , may indeed serve as a un ique tool with regard to t h e m ultiple c r o p p i n g system char-
acter is t ic of progress ive agriculture. 
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E N D O G E N O U S G I B B E R E L L I N A N D A U X I N L E V E L S IIN M A L E S T E R I L E 
S U N F L O W E R S P R O D U C E D BY H O R M O N E T R E A T M E N T 
One of the crucial problems of h y b r i d sunflower b reed ing is how to p r o d u c e male sterile 
f lowers . One of t he liest pract ical m e t h o d s is t he app l ica t ion of chemicals. R e s u l t s of exper-
i m e n t s of this t y p e are hardly found in t he l i terature. Of t he sporadic d a t a the works of 
SCHUSTER (1961. 1963, 1969) and KLIMOV (1971) should he ment ioned. 
In an earlier pub l ica t ion (FRANK -KÖVES 1976) an accoun t was given of an experiment 
in which hormone t r e a t m e n t s were used t o induce male s ter i l i ty . The presen t work presents 
t h e resul ts of analyses re la ted to ho rmone t r e a t m e n t s a imed a t inducing male s ter i l i ty , carried 
ou t to obta in i n fo rma t ion about the h o r m o n a l regulatory s y s t e m of male s te r i l i ty . I n the course 
of t h e exper iments t h e endogenous IAA a n d GA contents in t h e shoot apex of sunf lower plants 
were de termined a f t e r var ious hormone t r e a t m e n t s . By c o m p a r i n g the changes in the hormone 
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Table 1 
Changes in the endogenous IAA level in sunflower shoot apex 
treated with IAA and GA 
Marking of samples , date of sampling 
Treatment 
I (13.6.) I I (15. 6.) I l l (17. 6.) IV (19. 6.) 
/ 'g IAA 
per 100 g 
male 
steri l i ty, 
0/ /0 
fig IAA 
per 100 g 
male 
ster i l i ty, 
% 
t,g IAA 
per 100 g 
ma le 
ster i l i ty, 
% 
fig IAA 
per 100 g 
ma le 
s ter i l i ty , 
% 
l . Control 1.12 — 1.86 1.81 0.74 
2. IAA 0.01% 2.98 — 2.09 — 0.85 — 0.37 — 
3. IAA 0.005% 2.70 — 1.45 0.23 — 0.07 — 
4. IAA 0.001% 20.90 
— 
8.80 — 1.99 
— 
0.21 
— 
5. GA 0.033% 0.59* 62.5* 0.79 40 1.06 100 0.05 82 
6. GA 0.016% 0.43* * 1.2 44 1.75 75 1.39 63.9 
7. GA 0.0033% 2.70* 12.5* 9.60 
— 
1.42 12 0.24 18.2 
"The act ive substance is generally pipetted onto the shoot tip, but in jec ted in t r e a t m e n t s 
marked 
level with the e x t e n t of male steri l i ty in the t rea ted p l a n t s conclusions were reached concern ing 
t he hormonal f ac to r s inducing male steri l i ty and p r o t o g y n i a . 
In ou tdoor exper iments t he shoot t ips of 33, 35, 37 and 39-day-old p l a n t s of the Helian-
thus annuus v a r i e t y W N I I M K 6540 were t rea ted w i t h 0.01, 0.005 a n d 0 .001% solut ions of 
indole-3-acetic acid (Merck prepara t ion) , and with 0.033, 0.016 and 0 .0033% solutions of g ib-
berellic acid ( P h y l a x i a product) . Samples were t a k e n on the third day a f t e r each t r e a t m e n t . 
Samples t aken on four successive occasions were m a r k e d I - IV, corresponding to the fo l lowing 
da tes of sampl ing : I = 13.6.1975, I I = 15.6.1975, I I I = 17.6.1975, IV = 19.6.1975. 
Two m e t h o d s of t r e a tmen t were employed: t h e solut ions were e i the r applied by p i p e t t e 
or injected. Samples were taken a f t e r each t r e a t m e n t on the third day . T h e sample inc luded 
t h e apical bud a n d t he surrounding uppe rmos t circle of leaves. 
A fresh w e i g h t of 1 g mater ia l was used for each I A A and GA d e t e r m i n a t i o n . E x t r a c t i o n 
was carried out w i t h cold methanol . T h e ex t rac t w a s sub jec ted to pape r c h r o m a t o g r a p h y in 
a 10 : 1 : 1 m i x t u r e of iso-propanol — ammonia — w a t e r , and the q u a n t i t y of IAA in t h e 
ch roma tog ram spot was determined by the method of HANCOCK —BARLOW (1952) and BENT-
LEY— HOUSLEY (1954) on the basis of the grow th r e a c t i o n given by Avena coleopt i lesegments . 
After s e p a r a t i o n by t h in l aye r c h r o m a t o g r a p h y (REINHARD et al. 1964) the GA was 
determined f r o m a methanol e x t r a c t by ethyl ace t a t e f rac t iona t ion , w i t h t he aid of a b a r l e y 
endosperm tes t (JONES VARNER 1967). 
Other c i r cums tances and procedures connected w i th the setting u p of t he outdoor expe r -
iments were desc r ibed in our previous paper (FRANK KÖVES 1976). 
1. Changes in the endogenous IAA level in t h e shoot apex of sunf lower t rea ted w i t h 
IAA and GA. T h e d a t a contained in Table 1 show t h e following correla t ions . 
Dur ing t h e period examined t he IAA conten t of the control as r e fe r red to the f r e s h 
weight first increased, then remained more or less c o n s t a n t , and finally — a t the fou r th d a t e 
of sampling — decreased. This t e n d e n c y corresponds t o t h e change wi th t i m e in the IAA con-
t e n t of other s imilar materials. 
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Table 2 
Changes in the endogenous gibberellin level* in sunflower shoot apex 
treated with IAA and GA 
Marking of samples , date of sampling 
Treatment 
I (13. 6.) I I (15. 6.) I l l (17. 6.) IV (19. 6.) 
/ig IAA 
per 
100 g 
m a l e 
s te r i l i ty , 
% 
/'g IAA 
per 
100 g 
ma le 
s te r i l i ty , 
о/ 
/о 
/<g IAA 
per 
100 g 
ma le 
ster i l i ty, 
о/ /о 
/ig IAA 
per 
100 g 
male 
s ter i l i ty . 
% 
1. Control 2.9 — 2.1 1.6 1.2 
2. IAA 0 . 0 1 % — — — — 2.1 — 1.9 — 
3. IAA 0 . 0 0 5 % 
- — - — 1.2 - 1.6 — 
4. IAA 0 . 0 0 1 % 
— — — — 
1.8 
— 
2.0 
— 
5. GA 0 .033% 5.0 67 3.8 40 1.6 100 1.2 82 
6. GA 0 . 0 1 6 % 9.6 28 6.0 44 6.2 75 2.1 64 
7. GA 0 .0033% 12.6 10 8.4 
— 
8.8 12.5 2.6 18 
The a c t i v e substance w a s p i p e t t e d onto t h e s h o o t apex in e v e r y case 
* In G A 3 equivalent 
In s a m p l e s t a k e n on t h e f i r s t two occas ions , w i t h the e x c e p t i o n of a single s a m p l e , t h e 
endogenous I A A level m e a s u r e d o n t he thi rd d a y a f t e r IAA t r e a t m e n t increased in all concen-
t ra t ions c o m p a r e d to the c o n t r o l . A t the th i rd a n d f o u r t h s a m p l i n g , a g a i n wi th the e x c e p t i o n 
of one s amp le , t h e IAA c o n t e n t decreased c o m p a r e d to t he con t ro l . 
The d e c r e a s e is p r o b a b l y d u e to the f ac t t h a t t he m e t a b o l i s m of t he m e r i s t e m in t h e 
shoot apex b e c o m e s more i n t e n s i v e dur ing th is p e r i o d of on togenes i s . Consequent ly , wh i l e in 
t he case of t h e f i r s t t r e a t m e n t a considerable p r o p o r t i o n of t h e exogenous IAA r e m a i n e d 
unchanged u n t i l t h e sampl ing , w i t h the later t r e a t m e n t s it b e c a m e fu l l y metabo l i zed d u r i n g 
the same t w o d a y period. I t is h i g h l y probable t h a t in the m e r i s t e m m a n y enzymes i n c l u d i n g 
IAA-oxidase b e c o m e ac t iv ized . poss ib ly by m e a n s of s u b s t r a t e i n d u c t i o n by IAA. 
In t h e case of samples I a n d I I in Table 1 t h e v e r y high I A A c o n t e n t o b t a i n e d w i t h t h e 
0.001°O I A A t r e a t m e n t can b e e x p l a i n e d by t h e v e r y slow IAA m e t a b o l i s m in t h i s d e v e l o p -
ment stage a n d w i t h this I A A concen t r a t i on . 
The h i g h e s t c o n c e n t r a t i o n GA t r e a t m e n t (0 .033° , , ) — w h i c h is also the mos t e f f e c t i v e 
concen t r a t ion f r o m the po in t of v iew of i nduc ing m a l e s ter i l i ty decreased the e n d o g e n o u s 
IAA level c o m p a r e d to t he c o n t r o l , while the l o w e s t GA c o n c e n t r a t i o n (0 .0033%) i n c r e a s e d 
it in samples I a n d I I . The l a t t e r resu l t is in a g r e e m e n t with m a n y l i t e r a r y da ta p u b l i s h e d by 
GALSTON ( 1 9 5 9 ) , I I O U S L E Y — D E V E R A L L ( 1 9 6 1 ) . P I L E T — W U R G L E R ( 1 9 5 8 ) , S T U T Z — W A T A N A B E 
(1957) and i n connec t ion w i t h o t h e r mater ia l s . A c c o r d i n g t o t h e s e a u t h o r s the i n c r e a s e in 
the IAA level in p lan t s t r e a t e d w i t h GA is b a s e d on an I A A - o x i d a s e inhibi t ion c a u s e d by 
t he GA. 
In t h e case of low GA c o n c e n t r a t i o n s t h e G A - i n d u c e d i nc rea se in the IAA level co idd 
also proceed v i a an increase i n t h e biosynthesis of I A A due to t h e d e c a r b o x y l a t i o n of t r y p t o -
phane. S u c h e x p e r i m e n t a l r e s u l t s were publ i shed b y KURASHI — MUIR (1962), NITSCH (1957)  
and PHILIPS et al. (1959), w h o d e m o n s t r a t e d t h a t in var ious m a t e r i a l s it was t h r o u g h t h e for-
mat ion of I A A f r o m t r y p t o p h a n e t h a t GA caused a n increase in t h e I A A level. 
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Since, judg ing b y t h e size of the sunf lower heads, t h e 0.033% GA m a y b e considered 
to be above the o p t i m u m (FRANK KÖVES 1976), some m e c h a n i s m other t h a n t h e change in 
t he ac t iv i ty of IAA-oxidase is probably responsible for t he disappearance of t h e IAA. 
2. Changes in t h e endogenous gibberel l in level in sunf lower shoot a p e x t r ea t ed wi th 
IAA and GA. As shown b y the data of Tab le 2 t h e endogenous gibberellin c o n t e n t of t he control 
d isplays a t endency to decrease in samples, i.e. a t dates, I —IV. The effect e x e r t e d by the exo-
genous IAA on the endogenous gibberellin level is only known for samples I I I a n d IV.* In these 
cases t he IAA t r e a t m e n t caused no s u b s t a n t i a l changes in t h e endogenous g ibbere l l in content 
compared to the control . 
T h e results show t h a t the GA concen t r a t i on most e f f ic ien t in increasing t h e endogenous 
GA level is 0 .0033%, while t h a t inducing t h e greatest e x t e n t of male s ter i l i ty is one order of 
m a g n i t u d e higher. 
The most r e m a r k a b l e increase in t h e endogenous gibberell in con t en t was found in 
sample I , measured on t h e third day a f t e r t h e t r e a t m e n t , t h o u g h in most cases even in the 
later t r e a t m e n t s t he endogenous gibberellin con t en t was h igher t han in the con t ro l . 
A comparison of t h e da t a of the t w o t ab les shows t h a t t h e IAA t r e a t m e n t d id not signif-
icant ly inf luence t he GA content , and male s ter i l i ty was n o t induced by it a t all . On the other 
hand , GA applied a t a concentra t ion caus ing a considerable e x t e n t of male s t e r i l i t y generally 
decreases the IAA c o n t e n t and increases or leaves unchanged the GA level m e a s u r e d on t h e 
th i rd day af ter the t r e a t m e n t . The l a t t e r level is not p ropor t iona l to the p e r c e n t a g e of male 
s ter i l i ty induced by it . 
I t can be es tabl i shed t h a t the i n d u c t i o n of male s ter i l i ty does not r equ i r e a pe rmanen t ly 
high hormone con ten t , a n d t h a t the high endogenous GA level is in itself no bas i s for male 
ster i l i ty. Al though the invest igat ions have g iven no answer t o t h e question of w h e n the increase 
caused by the t r e a t m e n t s in the levels of I A A a n d GA reaches a max imum, t h e y h a v e neverthe-
less t h r o w n some l ight on t he fact t ha t in s amples taken at va r ious t imes t he cou r se of changes 
in the hormone con ten t s was not un i fo rm, since in samples I I I and IV, as m e n t i o n e d above, 
the metabol iza t ion of IAA, and probably of GA too, was m o r e rapid than in s a m p l e s I and I I . 
This is why it was possible for the h ighes t degree of male steri l i ty to be f o u n d in a sample 
wi th a GA content s imilar to t ha t of t he cont ro l . These f ac t s lead to the conc lus ion tha t t he 
ho rmone level inducing male sterility deve loped before t he samples were t a k e n a t a critical, 
re la t ively high GA a n d low IAA level, j u d g i n g by t he tendenc ies which r e f l ec t a slower GA 
and fas te r IAA metabo l i sm. 
* 
Prepared at the D e p a r t m e n t of P l a n t Physiology of the József At t i l a Univers i ty and 
the Cereal Research In s t i t u t e , Szeged 
E . KÖVES, M . N A G Y , J . FRANK 
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E F F E C T OF T H E S O U R C E OF SOME M I C R O E L E M E N T S ON T H E STORAGE 
QUALITY F E A T U R E S O F FRUITS D E V E L O P E D ON TOMATO (LYCOPERSICUM 
E S C U L E N T L M MILL.) PLANTS G R O W N IN CALCAREOUS S O I L 
The tomato is by f a r t he most impor t an t crop among t h e vegetables grown in the A R E 
Besides i ts demand as a favour i te vegetable and for the cann ing industry, it represents an 
impor t an t commodity to foreign markets. For this reason and due to the increased population 
of Egyp t , studies on this c rop are very necessary part icularly on new cult ivated areas, one of 
which is t h e North Western Region, the soils of which are calcareous and which occupies more 
than 121.500 hectares. 
The main character is t ic of such soils is the high con ten t of CaC03. Several agricultural 
problems such as inicronutr ient deficiencies and lime-induced chlorosis are associated with the 
presence of a certain a m o u n t of calcium ca rbona te . 
The a im of this s t u d y w a s to overcome the nutr i t ional problems concerned with micro-
nutrients by using a foliar s p r a y with some microelements in t h e form of chelated compounds 
or i r inerals . 
To complete the p ic tu re of tomato development , the qua l i ty features of t oma to f rui ts 
during s torage were s tudied . 
A completely r andomized design wi th four replicates was carried out as a summer 
planting in the Northern Sect ion of El-Tahrir Province. The soil was ploughed and ridged 100 cm 
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Fig. 1. E f f e c t of the sou rce of some m i c r o e l e m e n t s on t he t e s t e d s torage f e a t u r e s of t o m a t o 
f r u i t s 
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a p a r t . N, P and К fertil izers were u s e d at the obvious r a t e s twice, i.e. f o u r weeks after t r ans -
p l an t i ng and at t h e s t a r t of fruit s e t t i n g . 
The e v a l u a t i o n tvas carried o u t for Fe, Mn and Zn, which were f o l i a r - s p r a y e d at con-
cen t ra t ions of 0 .25" , , , 0.20°,, and 0 . 1 5 % respectively, a n d the same e l emen t s in the chela ted 
f o r m , E D D H A - N a F e , EDTA-Na,Mn a n d E D D H A - N a , Z n a t concent ra t ions of 0.15%, 0.12",, 
a n d 0.15% respec t ive ly before f lower ing . T o m a t o f ru i t samples were picked f r o m the field a t 
t h a mature green s t a g e , placed in smal l boxes and s to red a t room t e m p e r a t u r e (25°C). F r u i t 
samples were t e s t e d periodically, e v e r y 3 days . 
The d a t a were recorded as fo l lows 
Fruit firmness. This was e s t i m a t e d according t o WALLY EL-NA В AW Y (1967). 
Decay per cent. Decayed and s h r u n k e n t oma to f r u i t s were discarded a n d calculated as 
a percentage. 
Colour development. Fruits were tes ted for r ipeness periodically, e v e r y 3 days, based 
o n colour d e v e l o p m e n t . The numerical scores assigned to r ipeness classes were : Mature green ( I ), 
b reake r (2), light p i n k (3). dark p i n k (4), table ripe (5) a n d canning r ipe (6). 
The scores of t he individual f r u i t s were averaged a t each sorting t o o b t a i n a r ipeness 
score of each s a m p l e (ABDEL-KADER et al. 1968). S o r t i n g continued u n t i l 5 0 % or more of 
t h e original sample w a s discarded. 
Loss in weight. This was d e t e r m i n e d by weighing a collective sample of 25 frui ts of uni-
f o r m size and t he s a m p l e was weighed periodical ly every 3 days . Decayed a n d shrunken t o m a t o 
f r u i t s were d i sca rded and calculated a s a percentage. 
Total soluble solids. This was d e t e r m i n e d using a Zeiss Ref rac tomete r . 
Total aridity. T h e acidity was d e t e r m i n e d by t i t r a t i o n according to EL-BARKOI KI (1958). 
The e x p e r i m e n t was repeated t w i c e and the ave rage resul ts of the t w o exper iments are 
p resen ted . 
The data o b t a i n e d as represented in the figure show the quality f e a t u r e s of tomato f ru i t s 
as affected by t he f o r m s of certain microe lements , i.e. Fe, MIL and Zn. E x c e p t for a few discrep-
anc i e s the resul ts revea led a lower d e c a y percentage fo r f ru i t s developed on plants sprayed 
w i t h chelated Fe, Zn or Mn. Moreover, Mn and chelated Fe , Zn slowed d o w n the decay when 
it s t a r t ed after 9 d a y s , as compared w i t h other t r e a t m e n t s , i.e. Fe, control a n d chelated MIL,  
w h e n decay s t a r t ed a f t e r a 6 dav s torage period. This m a y be due to the fac t t h a t microelements , 
especial ly in the che l a t ed form, i m p r o v e the qual i ty of the fruits, as exp la ined by JOHN" 
et al. (1958) . 
Tomato f r u i t s developed on p l a n t s sprayed w i t h che la ted Fe seemed to he the best of 
a l l t h e t r ea tments as regards the p e r c e n t a g e loss in w e i g h t dur ing storage. However , the loss 
in weight increased as t h e storage t i m e increased, con f i rming the results o b t a i n e d by RADWAN 
et al. (1965) . 
Concerning t h e firmness of t h e t o m a t o frui ts , it m a y he seen in t h e f igure tha t the 
c h e l a t e d microe lements Fe, Mn and Z n led to an i m p r o v e m e n t in this charac te r i s t i c dur ing 
s t o r a g e compared t o t r e a tmen t in t h e minera l form. Genera l ly , there was a g radua l decrease 
i il t h e firmness of t h e f ru i t s until t h e e n d of the storage per iod . This p h e n o m e n a may he a t t r i b -
u t e d to the e n z y m a t i c activity of " p e c t i n a s e enzyme" , which has been f o u n d to gradual ly 
r e d u c e the level of ca lc ium pectate in t h e middle lamel la , which binds t h e cell walls of t h e 
t i s s u e s (BONNER 1 9 5 0 a n d MAYER A N D E R S O N 1 9 5 2 ) . 
With respect t o colour deve lopmen t , the results revea led that ne i t he r fo rm of micro-
n u t r i e n t s affected i t clearly. The t o m a t o f ru i t s began t o change colour t o r ipeness up t o 15  
d a y s , and then b e c a m e constant unt i l t h e end of the s to rage period. 
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W h e n t h e t o t a l soluble sol ids were c o m p a r e d , it was f o u n d t h a t spraying t h e p l a n t s 
wi th the che la ted f o r m s of Fe, M n a n d Zn gave h ighe r va lues c o m p a r e d w i th the mine ra l mic ro-
e lements , c o n f i r m i n g resul ts o b t a i n e d by JOHN et al. (1958). This m a y he a t t r i b u t e d t o the 
func t ions of t h e microe lements , especially in t h e c h e l a t e d form, w h i c h t a k e place m o r e r e a d i l y 
in the me tabo l i c ac t iv i t ies in t h e synthesis of c a r b o h y d r a t e s a n d proteins (SHKOLNIK— 
ADI HASBITOV 1958): these mic roe l emen t s a f fec t t h e qua l i ty of t h e f r u i t s as p rev ious ly men-
t ioned b y RIVOIRA (1961) and VAGANOV — SOROKINA (1973). Genera l ly , a high va lue f o r t o t a l 
soluble solids was observed a f t e r 3 d a y s ' s torage, b u t th is gradual ly decreased unt i l it s h o w e d 
a m i n i m u m va lue a f t e r an 18 d a y s torage per iod . T h e trend of t h e t o t a l soluble s o l i d s and 
f i rmness b e h a v e d in a s imilar m a n n e r , showing m a r k e d increases e a r l y in storage f o l l o w e d by 
g radua l decreases la te in the s to rage period. These r e s u l t s are in a g r e e m e n t with t hose r e p o r t e d 
by RADWAN et al. (1965) a n d CHINNASWAMI (1967) . 
T h e resu l t s also showed t h a t t h e chela ted e l e m e n t s , especial ly Fe , raised t h e a c i d i t y of 
t h e t o m a t o f r u i t s more t h a n t h e minera l ones. I t f l u c t u a t e d d u r i n g s to rage , r each ing a max i -
m u m a f t e r 6 d a y s a n d a m i n i m u m a f t e r a 15 d a y s to rage period. T h e t rend of t h e a c i d i t y of 
f ru i t s was s imi la r to t h a t of t h e t o t a l soluble sol ids . Logically t h e a c i d s in the t i s s u e s of t h e 
f r u i t s a re one of the m a j o r c o m p o n e n t s wi th respec t to to ta l soluble solids, and b o t h of t h e m 
showed decreases as t h e s torage t i m e increased. S imi l a r results were o b t a i n e d on t o m a t o f r u i t s 
by YAMAGUCHI ( I960) , RADWAN et al. (1965), RHOTON (1967) a n d ALBEGOR PATSKEVICH 
(1972). 
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WHEAT G R O W T H AND C O N S T I T U E N T S A S A F F E C T E D B Y N I T R O G E N 
A P P L I C A T I O N AND SOIL A L K A L I N I T Y 
Nitrogen is considered to be t h e most i m p o r t a n t nutrient in w h e a t product ion . T h e 
w h e a t response t o n i t rogen appl ica t ion has been t a c k l e d b y several inves t iga tors , and a t r e n d 
of increase in b o t h t h e straw and g r a i n yield was o b t a i n e d . However, no response was d e t e c t e d 
i n t h e c a s e o f f e r t i l e s o i l s ( M C N E A L D A V I S 1 9 5 4 , W O O D W A R D 1 9 6 6 , D U D A S et al. 1 9 6 8 ) . 
Under our local conditions, n i t rogen is the m o s t l imiting fac to r in wheat p roduc t ion . 
According to s t u d i e s conducted b y t h e Ministry of Agr icu l tu re of t he A. R. E. (ANONYMOUS 
1965, 1966), it w a s proposed tha t 71 .4 a n d 95.2 kg/ha b e applied in the d e l t a and upper E g y p t , 
respectively. EL-GABALY (1960) s u g g e s t e d that these levels should be decreased in t he case 
of salt-affected soils compared with f e r t i l e ones, a l t h o u g h nitrogen was f o u n d to be the l i m i t i n g 
n u t r i e n t . He also a d d e d tha t at h igh p H values, due t o high ESP.* t he avai labi l i ty of c e r t a in 
p l a n t nutr ients m a y become so low t h a t the plant c a n n o t absorb t h e m a t a ra te suf f ic ien t ly 
r a p i d to permit sa t i s f ac to ry growth. 
The ob jec t ive of this study is t o evaluate the e f f e c t of different soil E S P levels on whea t 
g r o w t h and c o n s t i t u e n t s . In add i t ion , i t is impor tan t t o f ind out the e f f e c t of added n i t r o g e n 
oi l wheat plants g r o w n in soils of v a r y i n g degrees of a lka l in i ty . 
A well a g g r e g a t e d , alluvial soil sample was b r o u g h t from a Giza loca t ion , and t he pa r -
ticle-size d i s t r ibu t ion and chemical p roper t ies of t he soil sample were de te rmined , as shown 
ill Table 1. 
Four soil s a m p l e s of d i f f e r e n t E S P levels w e r e prepared us ing Na.,CO.ä so lu t ion . 
T h e s e levels were 20.34, 24.13, 29.65 a n d 33.10, where t h e original soil was of 10.34 E S P on ly . 
Table 1 
Particle-size distribution, soil water extract and exchangeable buses 
of the initial soil 
Soil 
T e x t u r e 
Coarse 
sand 
Fine 
sand 
Silt Clay CaCO, 
Sandy loam 1 2° /0 56.5% 23 .5% 19.1% 1-2% 
Soluble ÍOI1S meq/100 f ; of soi l Exchangeable ca t i ons meq/100 g of soil 
CO, HCO, CI SO, Ca Mg Na C. E. C. Ca Mg Na К 
2 . 1 
1 
1 . 0 0 . 2 0 . 9 0 . 8 1 . 8 2 9 . 0 1 9 . 0 7 . 0 2 . 9 9 1 . 5 
* ESP = Exchangeab le Sod ium Percentage 
exchangeab le sodium q u a n t i t y 
exchangeab le capacity of soil 
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A vege ta t ive pot expe r imen t (2 kg of soil /pot) was conduced u s i n g these five soil s a m p l e s 
a n d five levels of nitrogen as ( N H 4 ) 2 S 0 4 (namely, 0 , 35.7, 71.4, 107.1. 142.9 kg Na/ha), m a k i n g 
a to ta l of 25 t r e a t m e n t s with t h r e e replicates. Giza 155 wheat v a r i e t y was used in th i s s t u d y 
(15 p lan ts /po t ) . 
P l an t samples were t a k e n a t two different s t a g e s of growth (40 a n d 60 days a f te r p l a n t -
ing). The p l an t samples were d r ied , ground and k e p t for analysis. T h e t o t a l nitrogen, p h o s p h o -
rus, po tass ium a n d sodium in t h e p lan t material we re determined. 
The e f fec t of nitrogen a n d E S P levels on w h e a t dry matter . T h e d ry mat ter c o n t e n t of 
t he wheat p l a n t s was affected s ignif icant ly by b o t h t h e nitrogen a d d i t i o n and the e x c h a n g e -
able sodium levels (ESP) ex is t ing in the soils. T h e highly s igni f icant effect of these f a c t o r s 
was obta ined for both stages of g rowth . 
The resul t s in Table 2 i nd i ca t e t ha t there is a significant increase i n dry mat ter c o n t e n t 
as a result of n i t rogen appl ica t ion in the 1st and 2 n d stages of g r o w t h . The N1, N2 a n d N3 
levels of n i t rogen caused a s ign i f i can t increase in d r y mat ter c o n t e n t a t the 1% level, com-
pared to t h a t of the control. The nitrogen level N 4 caused a d i s t inc t decrease in dry m a t t e r 
as compared w i t h the N1, N2 a n d N3 levels and was almost equal t o t h e control (N0) . Th i s 
decrease in d ry m a t t e r in the case of level N4 could be explained on t h e bas is of varietal r e sponse 
to high doses of ni trogen (KHALIL et al. 1971). 
The in f luence of d i f ferent E S P levels on w h e a t p lant dry m a t t e r dur ing the f i r s t s t age 
of growth is shown in Table 2. I t is notewor thy t h a t increasing the E S P levels up to 29.65 E S P 
caused a d i s t inc t increase in d ry m a t t e r , a l though it was not s igni f icant , whereas a s ign i f i can t 
decrease was observed at the 33.10 E S P level. D u r i n g the second s t a g e of growth (60 d a y s ) 
an increase in t h e dry ma t t e r c o n t e n t was ob ta ined b y increasing t h e soil ESP to 24.13, b u t 
Table 2 
The effect of nitrogen application and exchangeable sodium % (ESP) 
on wheat dry matter in g /pot 
A. First s tage of growth (40 days a f te r planting) 
1. Nitrogen effect on wheat d ry mat te r : 
0 
(NO) 
1.265 
35.7 kg 
(N1) 
1.915 
71.4 kg 
(N2) 
1.730 
107.1 kg 142.9 kg nitrogen8ha 
(N3) (N4) 
1.810 1.370 g /pot 
2. Soil E S P effect on wheat d ry mat te r : (Neglecting the effect of n i t rogen addition: i.e. the 
nitrogen addit ion effect is averaged for all n i t rogen t reatments . ) 
10.34 
1.620 
20.34 
1.760 
24.13 
1.730 
29.65 
1.635 
33.10 E S P 
1.345 g /pot 
L. S. D. at 1% level = 0.250 g. 
B. Second stage of growth (60 d a y s af ter plant ing) 
1. Nitrogen effect on wheat d ry mat te r : (Neglecting the ESP e f fec t ) 
(N0) 
3.425 
(N1) 
4.380 
(N2) 
4.395 
(N3) 
4.125 
(N4) 
3.330 g/pot 
Soil E S P effect on wheat d r a ma t t e r : (Neglecting the effect of n i t rogen addition) 
10.34 
3.230 
20.34 
3.955 
24.13 
4.985 
29.65 
4.165 
33.10 E S P 
3.420 g/pot 
L. S. D. a t l 0 o level = 0.790 ; 
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A signif icant d e c r e a s e was n o t i c e d a t t he 29.65 a n d 33.10 E S P levels . These f ind ings a g r e e 
wi t l i the r e s u l t s of MOUSTAFA et al. (1966) who r e p o r t e d t h a t w h e a t g rowt l i was m a r k e d l y 
decreased by i n c r e a s i n g the soil a l k a l i n i t y . 
Al though t h e in te rac t ion b e t w e e n E S P a n d n i t rogen levels is ins igni f icant fo r b o t h 
s t ages of g r o w t h . t h e results i n d i c a t e t h a t whea t r e s p o n s e to n i t r o g e n appl ica t ion is a l w a y s 
dependen t on soil E S P . In o the r w o r d s , the whea t p l a n t responded t o n i t r o g e n add i ton u p t o 
t h e N3 level i n t h e case of soils w i t h E S P levels u p t o 24.13 w h e r e a s h igher levels of E S P 
l imi t ed the b e n e f i c i a l effect of n i t r o g e n up to t he N2 level. 
The ef fect of nitrogen and ESP levels o n wheat mineral constituents 
A. Nitrogen. The results in T a b l e 3 indica te t h a t there is an i n c r e a s e in both n i t r o g e n 
r emova l* a n d in t h e percentage of n i t rogen in t he p l a n t as a result of t h e increase in n i t r o g e n 
appl ica t ion in b o t h stages of g r o w t h . This t rend w a s generally o b s e r v e d in the case of soils 
w i t h E S P levels of u p to 24.13. H o w e v e r , the a p p l i c a t i o n of higher l eve l s of nitrogen r e s u l t e d 
in a decrease i n n i t rogen r e m o v a l in t h e case of soils w i t h 29.65 a n d 33 .10 ESP. 
The t r e n d of this increase a s well as the d e c r e a s e in plant n i t r o g e n content as a r e su l t 
of nitrogen a p p l i c a t i o n is in a c c o r d a n c e with t h a t of t h e dry m a t t e r ( T a b l e 2). A s imi lar con-
clusion was r e a c h e d by CARTER SCHOLL (1962). 
In s p i t e of t he dist inct d e c r e a s e in n i t rogen ° 0 which occur red a t t he second s t a g e of 
g r o w t h as c o m p a r e d with the f i r s t s t a g e of g r o w t h , t h e tota l r e m o v a l a t this stage e x c e e d s 
t h a t of the f i r s t s t a g e . This could h e ma in ly a t t r i b u t e d t o the increase i n t h e plant d ry m a t t e r 
c o n t e n t . 
H. Phosphorus. The r e s u l t s i n Table 3 i n d i c a t e t h a t the inc rease i n soil F.SP levels w a s 
accompanied b y a n increase in p l a n t phosphorus " n a t bo th stages of g r o w t h . Moreover , t h e 
increase in soil a lka l in i ty i n c r e a s e d t h e p h o s p h o r u s remova l d u r i n g t l ie first s tage, w h i c h 
could he a t t r i b u t e d t o the increase in P % ra the r t h a n t h e increase in d r y m a t t e r . FAWZI - ABED 
(1975) po in ted o u t t h a t both CO a n d H C O " in i r r i g a t i o n water i n c r e a s e d the e x c h a n g e a b l e 
sodium in tin- soi l , and this was a c c o m p a n i e d by a n increase in t h e P c o n t e n t of t he p l a n t s . 
The d a t a p resen ted in T a b l e 3 reveal t h a t t h e r e was an i n c r e a s e in P n ( l in t he p l a n t 
ma te r i a l as a r e s u l t of ni t rogen a p p l i c a t i o n , up t o a ce r ta in level, b u t t h e r e a f t e r a d e c r e a s e 
in P % occur red . I n other words , t h e appl icat ion of n i t r o g e n only i n c r e a s e d the P°„ in p l a n t s 
u p to the N1 leve l , a f ter which a g r a d u a l decrease occu r red . 
C. Potassium and Sodium. In t he case of soi ls con ta in ing 10.34 E S P . the a p p l i c a t i o n 
of increased a m o u n t s of ni t rogen w e r e me t with an o b v i o u s increase in b o t h K ° 0 and p o t a s s i u m 
remova l . As t h e soil E S P i n c r e a s e d , th i s t rend c o u l d only be o b s e r v e d a f t e r the a p p l i c a t i o n 
of low levels of n i t r o g e n (N1 a n d N2). Soils wi th h i g h e r ESP levels l e s sened the t e n d e n c y of 
n i t rogen a p p l i c a t i o n to increase K ° „ a n d К remova l . T h e s ta tus of b o t h n i t r o g e n and p o t a s s i u m 
in the plant w a s a f f ec t ed in a s i m i l a r m a n n e r by t h e n i t r o g e n app l i ca t i on , where a highly s ign i f -
i c an t co r r e l a t i on exis ted be tween r e m o v a l of N a n d t h e K % (r 0 . 8 8 4 a n d 0.431 in t h e 1st 
a n d 2nd s tages of g rowth r e s p e c t i v e l y ) . 
On t h e o t h e r hand high l e v e l s of sodium w e r e observed as t h e alkal ini ty i n c r e a s e d . 
Similar resul ts w e r e ob ta ined b y EL-GABALY (1955) . MOUSTAFA et al. (1966) and EL-KOBBIA 
et al. (1969), w h e r e t he gain in s o d i u m increased as t h e soil E S P i n c r e a s e d . Both N a " ( ) a n d 
sod ium r e m o v a l h a v e an oppos i te t r e n d to p o t a s s i u m , a n d a negat ive c o r r e l a t i o n was o b t a i n e d 
be tween K % a n d Na 0 , , in b o t h s t a g e s of growtli . H o w e v e r , it is o n l y s ign i f ican t in t h e case 
' N i t r o g e n removal (mg N / p o t ) = ni trogen p e r c e n t a g e X d ry m a t t e r / p o t . 
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of t h e second stage (r — — 0.545). These f i n d i n g s are in a g r e e m e n t with t h e r e s u l t s of FREEMAN 
( 1 9 6 7 ) a n d LARSON P I E R R E (1953) . 
General ly , i t c o u l d he s ta ted t h a t al l t h e n i t rogen a p p l i c a t i o n s p r o d u c e d a t endency t o 
i n c r e a s e in t he s o d i u m s t a t u s , even in soi ls w i t h a high E S P , whe reas b o t h K % a n d К r e m o v a l 
were re la t ive ly low. T h e a b o v e - m e n t i o n e d re su l t s i nd ica t e t h a t the wheat r e s p o n s e to n i t rogen 
a p p l i c a t i o n (as d ry m a t t e r con ten t ) d e p e n d s on the soil E S P level . The i n c r e a s e in E S P lessens 
t h e w h e a t response t o n i t r o g e n , whe reas a n increase in d r y m a t t e r was o b t a i n e d by increas ing 
t h e n i t r o g e n a d d i t i o n in t h e case of so i l s h a v i n g a low E S P . At 29.65 a n d 33.10 ESP . t h e 
inc rease in dry m a t t e r w a s observed o n l y w i t h the N1 leve l of n i t rogen a p p l i c a t i o n . Moreover , 
t h e v a r i a t i o n of t he p l a n t n i t rogen r e m o v a l a t the app l ied d o s e s due to t h e e f f e c t of E S P levels 
s h o w s a s imilar t r e n d . 
The e v a l u a t i o n of whea t r e sponse (us ing dry m a t t e r a n d c o n s t i t u e n t s as p a r a m e t e r s ) 
t o n i t r o g e n unde r d i f f e r e n t soil E S P l eve l s might he m i s l e a d i n g . However , u n p u b l i s h e d d a t a 
(ZANATI et al.) r evea l t h a t t h e dry m a t t e r c o n t e n t c o r r e s p o n d s equal ly well w i t h the grain c r o p 
as a f f e c t e d by d i f f e r e n t levels of n i t r o g e n a n d a l k a l i n i t y , where the e f f i c i e n c y of n i t rogen 
dec rease s w i t h the i n c r e a s e in soil E S P . 
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I N F L U E N C E O F T H E DISTANCE O F P O L L E N D O N O R V A R I E T I E S 
ON T H E F R U I T Y I E L D O F J O N A T H A N A P P L E S 
T h e m o s t impor tan t commercia l apple va r i e t i e s grown in H u n g a r y ( J o n a t h a n , Starking, 
Golden Delicious) are t o t a l ly self-sterile, and s ince they are m u t u a l l y cross-fertile, a re planted 
together . 
On t h e fa rms the r a t i o of the pollen d o n o r varieties is 1 : 1, 1 : 2 for two, a n d 1 : 1 : 1 
for three var ie t ies . The w i d t h of the variety b l o c k s generally r a n g e s from 2 to 6 r o w s . 
In t h e f ru i t p roduc t ion in Hungary , t h e apple is the m o s t impor t an t f ru i t species f rom 
the point of view of na t iona l economy, and a m o n g the apples t h e winter var ie t ies a re of the 
greatest s ignif icance. The m o s t important a p p l e var ie ty in H u n g a r y is J o n a t h a n ; t h i s variety 
gives t he h u l k of the expor t . As pollen donors f o r Jona than , Golden Delicious and S t a r k i n g are 
grown p r imar i ly . 
T h e au tho r s ' inves t iga t ions were a imed a t clarifying t h e inf luence of t h e d i s t ance and 
a r r angemen t of the pollen d o n o r varieties ( S t a r k i n g and Golden Delicious) on t h e f r u i t yield 
of the app le var ie ty J o n a t h a n . 
T h e invest igat ions were carried out i n 1970 and 1971 a t Hodász (Szabolcs-Szatmár 
county) . T h e planta t ion cons is t s of 15 year o ld t rees grafted t o M. 4 root-stocks. 
The yie ld was d e t e r m i n e d by weighing: t h e average yield d a t a were o b t a i n e d f rom 10 
repl icat ions pe r tree. 
The e f fec t of the d i s t a n c e of the pollen donor variety Go lden Delicious on t h e yield of 
J o n a t h a n c a n be seen in T a b l e I. 
Tab ic 1 
Effect of the distance of the pollen donor variety Golden Delicious 
on the fruit yield of Jonathan 
(1970—1971, Hodász) 
Distance 
f rom t h e 
pollen 
var ie ty 
(m) 
Fruit y ie ld 
(kg/tree) 
Fruit be low 60 m m 
( % ) 
1970 1971 1970 1971 
8 128* 185 3.0 5.2 
16 112 180 2.2 5.1 
24 108 142 2.0 4.8 
32 93 115 1.0 4.0 
40 90 102 0.0 1.5 
Root-s tock: M. 4 
Age of the p l an t a t i on : 15 years 
* Average of 10 t r ees per t reatment 
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F r u i t yield per tree ranged from 128 to 185 kg at a distance of 8 m f rom the row of the 
pollen donor Golden Delicious, and from 90 to 102 kg in the case of 40 m. With an increasing 
distance f r o m the row of t he pollen donor a decrease in the frui t yield could be observed. 
T h e influence exercised by the distance of the Starking pollen var ie ty on the f ru i t yield 
of J o n a t h a n is shown in Table 2. 
Table 2 
Effect of the distance of the pollen donor variety Starking 
on fruit yield in Jonathan 
(1970—1971, Hodász) 
Distance 
f rom the 
pollen 
va r ie ty 
(m) 
Fruit yield 
(kg/tree) 
Fruit below 60 m m 
(%) 
1970 1971 1970 1971 
7.5 85* 92 2.2 4.5 
15.0 70 78 1.5 3.2 
22.5 57 70 0.0 1.4 
30.0 39 61 0.3 0.0 
37.5 34 48 0.8 0.0 
45.0 29 37 0.0 0.0 
Root-stock: M. 4 
Age of the planta t ion: 15 years 
* Average of 10 trees per treatment 
F r u i t yield per tree a t a distance of 7.5 m from the row of the pollen v a r i e t y was 
85— 92 kg , while ranging between 29 and 37 kg at a distance of 45 m. Of the pollen donor 
varieties, Golden Delicious induced a larger a m o u n t of f rui t t h a n Starking, with t h e same 
distance t a k e n into consideration. These observat ions agree wi th the data of f ru i t set t ing 
studies. T h e flowers of the var ie ty Jona than were made fertile to a lower extent by the S ta rk ing 
pollen t h a n by the pollen of the variety Golden Delicious. 
A comparison of t he effects of a r r angemen t of the pollen donor varieties Golden 
Delicious and Starking on the frui t yield of J o n a t h a n is contained in Table 3. 
As regards the a r rangement of the pollen donor varieties the four possible var ia t ions 
were examined . 
F r u i t yield per tree is largely de termined by the way the pollen donor variet ies are 
arranged. Pollen donor t rees placed on all four sides of the J o n a t h a n block ensure t he largest 
amount of f ru i t in the case of both pollen variet ies. 
W rhen choosing the pollen donor the following aspects m u s t be taken into account : 
t h e pollen var ie ty should be in tercompat ible with t he var ie ty to be pol l ina ted; 
their flowering t imes should coincide, at the t ime of mass flowering t h e y should 
blossom together ; 
the pollen donor varieties should produce pollen regularly and abundan t ly every 
year , and the pollen should be highly active; 
— t h e pollen donor and the variety to be pollinated should s t a r t bearing at the same 
t ime; 
— the pollen var ie ty should have a high production and market ing value; 
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Table 3 
Effects of the arrangement of the pollen donor varieties Golden Delicious and 
Starhing on fruit yield in Jonathan trees spaced at 7.5x4.5 m 
(1970—1971, Hodász) 
Pollen donor 
variety 
Ar r angemen t 
of t h e pollen 
v a r i e t y 
J o n a t h a n 
f rui t yield frui t below 60 m m 
1970 1971 1970 1971 
(kg tree) (%) 
On one side of J o n a t h a n 45* 65 2.9 4.5 
On 2 sides of J o n a t h a n 52 76 3.1 4.7 
Golden Delicious 
5.1 On 3 sides of J o n a t h a n 61 78 3.8 
On 4 sides of J o n a t h a n 69 83 4.7 5.4 
On side one of J o n a t h a n 37 49 2.5 3.8 
On 2 sides of J o n a t h a n 39 57 2.5 4.3 
S ta rk ing 
4.5 On 3 sides of J o n a t h a n 43 60 2.8 
On 4 sides of J o n a t h a n 47 64 3.1 4.7 
Root-stock: M. 4 
Age of the p lanta t ion: 15 y e a r s 
* Average of 10 trees per t r e a t m e n t 
- the p r o d u c e r has to d e t e r m i n e the number , ra t io , dis tance a n d a r rangement of t he 
pollen d o n o r varieties in s u c h a way as to ensure the highest possible frui t se t t ing 
and y ie ld . 
* 
Prepared a t t h e Depar tment of P lan t Genetics a n d Breeding of the Univers i ty of Hor t i -
cu l tu r e . Budapes t , a n d at the F ru i t Growing D e p a r t m e n t of the H o r t i c u l t u r a l College, Kecs-
k e m é t . 
J . N Y É K I , M . S O L T É S Z 
S T U D I E S O N I N T E R R E L A T I O N S H I P S B E T W E E N S E E D Y I E L D 
A N D I T S C O M P O N E N T S I N S O M E E X O T I C S T R A I N S O F L I N S E E D 
( L I N U M U S I T A T I S S I M U M L . ) 
Breeding f o r improvement of seed yield in l inseed, an impor tan t oil-seed crop in I n d i a , 
h a s so far been d o n e on a limited scale. Most of the p r e s e n t cul t ivars are e i ther direct selections 
f r o m local s t rains or have been de r ived by intercrossing t h e m . This has resu l ted in a reduc t ion 
of genetic va r i ab i l i t y in indigenous s tock to such an e x t e n t t h a t f u r t h e r improvement of t he 
gene t ic base t h r o u g h the collection a n d assessment of b o t h indigenous a n d exot ic germ p lasm 
is a prime necessity for crop i m p r o v e m e n t . To faci l i ta te a proper choice of p a r e n t s in a breeding 
p rogramme, it is des i rable to e x a m i n e t h e nature and m a g n i t u d e of associa t ions between seed 
y i e ld and its c o m p o n e n t s . With th i s object ive, t w e n t y eight exotic and two improved Ind i an 
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varieties of Linum usilaiissimum L. were s tud ied for interrelat ionships between seed yield 
and i ts contr ibut ing factors using correlation and pa th coefficient analyses. The resu l t s of the 
invest igat ion are reported in this paper. 
T w e n t y eight exotic varieties and two improved Indian var iet ies , namely, M u k t a and 
N P ( R R ) 9, were grown in a randomized comple te block design w i t h three replications in the 
rabi season of 1968 -69 and 1969 -70 at t he Indian Agricultural Research I n s t i t u t e Farm. 
Delhi, wi th normal doses of fertilizer and i rr igat ion. Each plot consisted of th ree rows each 
3 m in length. The plants were spaced 15 cm apa r t within the row in both years , while the 
inter-row distance was 45 cm and 30 cm in t he f i rs t and second yea r , respectively. F ive plants 
were selected at random f rom the middle row to record observat ions for plant he ight (cm), 
number of tillers per plant , days to m a t u r i t y of bolls from da te of sowing, n u m b e r of bolls 
per p lan t , 1000-seed weight (g). number of seeds per five bolls, a n d seed yield per p lan t (g). 
Plot means were used for the analysis of va r iance and covariance separately for two years. 
The following form of analysis was employed for the est imation of genotypic var iance and 
covariance. 
Source of variation D. F. MS EMS EMSP 
Replications (r D 
Varieties (V 
- 1 ) Ml 
2 •> 
a
e +
 T
"g ae + riTli2 
Error (r - 1 ) ( v - 1 ) M2 
where <72 or T2gl2 = M l —M2/r 
cr2ph or n 2 phl2 = a-g -]- ст2(, or o~aX, -f- a~e 
0% = Genotypic variance 
(T2„j2 = Genotypic covariance be tween characters 1 a n d 2 
a-pfr - Phenotypie variance 
o2phJ., = Phenotypie covariance be tween c l iaucte is I and 2 
o~e — Error var iance 
V = Varieties 
r - Replications 
Correlation coefficients at phenotypie and genotypic levels be tween all possible pa i r s of seven 
characters were computed according to the following formulae given by AL-JIBOURI et al. 
(1958). 
Phenotypie correlation coefficient, rphi2 = 
C O Y phej 
y (VAR p h I ) ( V A R p h s ) 
COVg.2 Genotypic correlation coefficient. r,,l2 = — 
y ( V A R g l ) ( V A R g 2 ) 
Path coefficient analysis was performed as suggested by DEWEY —Lu (1959) a t genotypic 
level using seed yield as effect and six other charac ters as causes b y solving the following simul-
taneous equations. 
'17 = Pt7 + Г1А7 + ' . ^ 3 7 + L4P47 f U5P57 + И Л " 
Г27 ~ P27 U2P17 À Г2зРз7 T Г24Р47 r2äPä7 + Г2«Рб7 
'з7 = Рз; ! r, :1P17 + r23P27 - f r M P „ + r M P , 7 r3eP67 
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r47 Ut + П . Р . т + + r 3 4 P 3 7 r45P57 + r4 6Pc 7 
Г57 ' Ps7 ' ri.",Pl7 + UjP'IT + ГЗГ, P;i7 i r7âP|7 + r5liPf,7 
rC7 P(i7 A ГI (Ti 7 "I" r2(iPs7 ~"t~ Г.7(|Р:|7 ' rII|Pl7 Г5П P.77 
T h e residual effect, which is a t t r ibu ted to unaccountable factors, was ob t a ined from the fol-
lowing equation. 
1 = P ~ X 7 + P 2 1 7 + P ~ 2 7 + P 2 3 7 + P 2 4 7 + + P 2 « , + 2 Р | ? Г 1 2 Р „ - f г Р , . ^ , , + 
+ 2P,7r,iP,7 + 2PI7r15P57 + 2 P , 7 r l n P t , + 2 P 2 7 r 3 3 P „ + 2P27r2JP47 + 
2P.7r2 rP5 7 -f 2P27r26P67 + 2P3 7r3 4P4 7 + 2 P37r.,5P57 + 2P37r36P67 + 
+ 2P47r45P57 - f 2P47r46P67 • 2P57r-(.PB7 
w h e r e P = Direct p a t h coefficient; P x ? = residual effect . 1 = Plant height : 2 = tiller number , 
3 = matur i ty ; 4 = boll number; 5 = 1000-seed weight; 6 = seed n u m b e r ; 7 = seed yield. 
Table 1 
Analysis of variance for seven quantitative characters in 1968—69 ( I ) and 
1969 -70 ( I I ) 
Source 
of variat ion 
M. s. s. 
d. f. 
P l an t ht. Tiller 
no . 
Maturity Rol l no. •1000-
seed w t . 
Seed 
no. 
Seed 
yield 
Replicat ions 
I 
I I 
2 107.91* 21.10 6.91 14022.43 0.28 3.10 192.19* 
266.11** 7.23** 42.15* 14298.50** 0.37 12.86 15.84** 
Varie t ies 
I 29 666.23** 37.79** 31.28** 8655.48* 9.54** 20.20** 48.70** 
I I 532.22** 3.58* 21.55* 1814.02 6.42** 38.68** 9.52** 
E r r o r 
I 58 30.43 8.72 9.12 4937.60 0.18 9.62 18.81 
I I 16.10 1.43 13.51 1189.34 0.22 8.56 2.46 
Mean 
I 88.7 10.7 174.1 280.5 6.0 42.1 14.9 
I I 67.1 4.8 152.9 102.7 5.6 40.6 4.0 
S. E . ± 
I 3.18 1.70 1.71 40.47 0.24 1.71 2.50 
I I 2.32 0.69 2.12 19.91 0.85 1.69 0.86 
C . V . 
1 16.9 40.1 23.3 27.7 29.9 8.6 35.1 
I I 20.44 30.3 2.63 36.1 27.0 10.6 52.9 
* Sigaificant a t 5 % , ** Significant at 1" 
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T h e results of analysis of variance for all the seven charac te r s toge ther wi th t he i r means, 
mean s t a n d a r d errors (S. E . ) and phenotyp ic coefficients of va r i ab i l i t y (С. V.) are presented 
in Table 1. The varieties d i f fered s ignif icant ly f rom each o ther w i t h respect to all t h e char-
acters s t u d i e d in both y e a r s except for boll n u m b e r in the second year . The means of all the 
cha rac t e r s in the first yea r were relatively h igher t h a n those in t h e second year because of the 
greater in t e r - row dis tance in the former y e a r . 
E s t i m a t e s of cor re la t ion coefficients be tween various cha rac t e r s at p h e n o t y p i c and 
genotypic levels are show n in Table 2. Only t h e genotypic corre la t ions are discussed here. The 
cor re la t ions of seed yield w i t h plant he igh t , boll number and 1000-seed weight were strong 
and cons i s t en t in both years . Boll number a n d 1000-seed weight a f fec ted seed yield posit ively, 
and p l an t height negatively. Among the y ie ld components , t he negat ive corre la t ion of 1000 
seed we igh t with plant he igh t and tiller n u m b e r were found to he high and consis tent for both 
years. I n general , all these correlation e s t i m a t e s were in ag reement wi th those r epo r t ed by 
S A X E N A — ASTHANA ( 1 9 6 2 ) , P A T H A K B A J P A I ( 1 9 6 4 ) . BADWAL et al. ( 1 9 7 0 ) a n d V I J A Y K U M A R — 
VASUDEVANKAO (1974). An except ion was n o t e d in the case of t h e correlat ion be tween seed 
yield a n d ti l ler number. I n t h e present s t u d y , th i s was negative, whereas a posi t ive correlat ion 
between t h e s e characters w a s reported by t h e above workers. 
I t is well known t h a t a complex c h a r a c t e r like seed yield is influenced d i rec t ly and 
indirect ly by its components . Simple cor re la t ion analysis does no t reveal the ind i rec t asso-
ciations a m o n g these charac te r s . The p a t h coef f ic ien t analysis he lps in es t imat ing t h e direct 
and ind i r ec t effects on seed yield, and was c a r r i e d ou t with this in view. In general, t h e magni-
tudes of p a t h coefficients in t he first year were relat ively higher t h a n those in the second year 
(Table 3). T h e direct ef fects of plant height , boll number and 1000-seed weight cor responded 
in sign a n d magni tude w i t h their correlat ions wi th seed yield in t he f i rs t year. Howeve r , the 
d i r ec t e f f e c t s of tiller n u m b e r , matur i ty a n d seed number were posi t ive in con t r a s t to their 
nega t ive correlat ions wi th seed yield. The pos i t ive and direct e f fec t of tiller n u m b e r changed 
into n e g a t i v e correlation t h r o u g h the negat ive ind i rec t effect of the 1000-seed weight . Similarly, 
the pos i t ive and direct e f fec t of matur i ty was counteracted by nega t ive indirect e f fec ts , partic-
ularly t h o s e of boll number , p lan t height a n d 1000-seed weight, w i t h t he result t h a t t he corre-
lation b e t w e e n seed yield a n d matu r i ty was nega t ive . The combined negative ind i rec t effect 
of p lan t he igh t , ma tu r i t y a n d 1000-seed we igh t counterba lanced t he strong pos i t ive direct 
effect of seed number, r esu l t ing in weak cor re la t ion . In the second year , the d i rec t effect of 
only boll n u m b e r and 1000-seed weight were wor th noting; t he res t of the cha rac t e r s either 
showed no direct effects or h a d weak direct e f f ec t s and their s t rong correlat ions wi th seed yield 
were d u e t o the indirect e f fec t s of other cha rac te r s . However, in t he case of boll number , 
its s t rong correlat ion w i t h seed yield was n o t entirely due to i t s direct effect , b u t was the 
result of t h e interact ion of d i rec t and indi rec t ef fects th rough t h e 1000-seed weight . 
T h u s , it is apparen t f r o m the resul ts t h a t two t ra i ts , viz. boll number a n d 1000-seed 
weight, e x e r t e d a profound inf luence on t he seed yield. BADWAL et al. (1970), ABHESCHTSEN — 
DYBING (1973), and VIJAYKUMAR — VASUDEVANRAO (1974) r eached the same conclusion in 
their p a t h coefficient s tud ies in linseed and f l a x . The negative associa t ion of seed n u m b e r with 
1000-seed weight was s igni f icant in one year b u t not so in the fol lowing year, i.e. t h e relat ion-
ship was n o t consistent, t h e r e b y indicating t h a t t he fertility did no t great ly affect t he seed size 
in the p r e s e n t populat ion. Th i s is a f a v o u r a b l e s i tuat ion for t h e improvemen t of seed size, 
which has usual ly been r e p o r t e d as negat ively correlated with seed number in p rev ious papers 
on l inseed a n d on several o t h e r crops as well. 
T h e enlarged genetic var iabi l i ty due t o diverse sources of ge rm plasm and favourab le 
associat ions between seed yie ld components in the present s t u d y offers a considerable scope 
for the f u r t h e r improvemen t of the popu la t ion . The produc t iv i ty potent ia l of t he crop can 
be increased significantly t h r o u g h selection for a higher number of bolls and higher seed weight. 
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Table 2 
Estimates of phenotypic and genotypic correlation coefficients among seed yield 
and its components in" 1963—69 (1) and 1969—70 ( I I ) 
Tiller n o Matu r i t y Boll no. 
Character 
I I I I и I I I ; 
P l a n t ht. P .50** .21 .49** .05 .04 - . 0 7 
G .57 .27 .57 .27 — .46 - . 6 4 
Tiller no. P .02 - . 1 9 .30 .46** 
G - . 0 1 .33 .30 .34 
Ma tu r i t y P 
G 
- . 2 2 
- . 6 4 
.35 
- . 0 9 
Boll no. P 
G 
1000-seed wt. P 
G 
Seed no. P 
G 
1000-seed w t . Seed no. Seed yield 
Cbaract er 
1 
и 
I I i I I I 
P l a n t ht. p - . 6 7 * * .70** - . 2 9 - . 2 6 — .73** — .47** 
G - . 7 0 .76 - . 3 2 - . 4 1 - . 6 5 - . 7 7 
Tiller no. P - . 7 3 * * - . 3 3 .28 .03 - . 2 7 .17 
G - . 8 1 - .42 .37 .02 — .52 - . 3 8 
Matur i ty P - . 3 3 - . 0 3 - . 0 4 - . 0 6 — .35 - . 2 9 
G - . 3 9 - . 3 2 .14 — .44 - . 6 1 - . 2 8 
Boll no. P - . 1 6 .04 .06 .38 .51** .79** 
G - . 0 7 .45 - . 0 5 .97 .58 .83 
1000-seed wt P - . 5 3 * * .12 .41 .54** 
G - .41 .18 .57 .86 
Seed no. P 
G 
— .10 
.29 
.41* 
.(2 
* Significant a t 5 % ; ** Signif icant at 1° 
P Phenotypic ; G Genotypic 
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Table 3 
Break up of genotypic correlations between seed yield and its components into direct 
and indirect path coefficients in 1968—69 ( I ) and 1969—70 ( I I ) 
Charac t e r s 
Ef fec t via 
P l an t h t . Tiller no. M a t u r i t y Boll no. 1000-seed 
w t . 
Seed no 
Correla t ion 
w i t h seed 
yield 
Plant ht . I - 5 . 2 7 2.21 4.87 0.01 - 3 . 6 1 1.15 - . 6 5 
II - 0 . 0 8 0.01 0.02 -0 .14 - 0 . 4 8 - 0 . 0 8 - . 7 7 
Tiller no. I - 3 . 0 3 3.84 - 0 . 1 2 1.64 - 4 . 1 8 1.32 - . 5 2 
II 0.02 —0.02 0.02 - 0 . 0 2 — 0.36 0.02 — .38 
Maturity I - 3 . 0 2 -0.05 8.49 - 3 . 5 0 - 2 . 0 1 - 0 . 5 1 .61 
II 0.02 .001 0.06 - 0 . 0 3 — 0.20 - 0 . 0 9 .28 
Boll no. I 0.01 1.16 - 5 . 4 8 5.43 - 0 . 3 5 -0.18 .58 
II 0.04 0.01 -0 .01 0.31 0.28 0.19 .83 
1000-seed wt. I 3.68 -3.11 - 3 . 3 0 - 0 . 3 7 5.17 - 1 . 4 9 .57 
II 0.06 0.01 - 0 . 0 2 0.14 0.63 0.04 .86 
Seed no. I - 1 . 6 9 1.41 - 1 . 2 1 - 0 . 2 7 - 2 . 1 4 3.61 - . 2 9 
II 0.03 — .001 - 0 . 0 2 0.30 0.11 0.20 .62 
Underlined figures are direct effects 
Residual effect I = 0.57; I I = 0.43 
Fur thermore , a hybridization programme involving the use of diverse parents with desirable 
characteristics, particularly boll number and seed weight, might he expected to result in the 
increase of seed yield. 
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A N EARLY M E X I C A N W H E A T CULTIVAR F O R E G Y P T 
W i t h few' exceptions crop p roduc t ion in t h e countr ies of the near eas t is domina ted b y 
cereals, which occupy about 70" „ of the to ta l ha rve s t ed area. Over t he pa s t 15 years or so t h e 
cereal p r o d u c t i o n in the region h a s r isen by only a b o u t 2 % on average, t hough there are wide 
annual f l u c t u a t i o n s . The overall increase has been insuff icient to mee t t h e rapidly growing 
demand . T h e a r i d i t y of the region l imi t s the expans ion of the cereal acreage and therefore t he 
key to increased cereal p roduc t ion in the near east lies in raising the yields. This need has been 
recognised for some t ime and has led to the in i t i a t ion of coordinated yield trials. These t r i a l s 
have resul ted in t h e ident if icat ion of a number of high yielding Mexican whea t varieties which 
are well a d a p t e d to the env i ronmen ta l condit ions of the region (ANONYMOUS 1969). 
The i n t r o d u c t i o n of these h i g h yielding Mexican cul t ivars is only j u s t get t ing underw ay , 
a n d in some count r ies , e.g. L e b a n o n and Syria, it is only at the expe r imen ta l stage. In E g y p t 
s ignif icant beg inn ings in the use of high yielding whea t varieties have been made despi te t h e 
shortage of fer t i l izers and ex t en t i on personnel. Economic incentives h a v e been provided t o 
fa rmers to ra ise p roduc t iv i ty . 
In sp i te of exceptionally u n f a v o u r a b l e w e a t h e r and a serious a t t a c k of rus ts in 1969.  
t he yields of Mexican varieties a r e still expected t o be higher t h a n those of local var ie t ies 
(ANONYMOUS 1 9 6 9 ) . 
In the U S S R , Mexican c u l t i v a r s were i n t roduced by several workers t o improve Russ ian 
cult ivars a n d t o in t roduce va luab le genes into commerc ia l varieties. ORLYUKA — SOBKO (1974)  
successfully i n d u c e d highly p r o d u c t i v e cars and increased the percentage of prote in and g lu ten 
in Russian c u l t i v a r s by crossing w i t h Sonora 64. PRILYUK (1974) succeeded in obta in ing shor t -
s temmed c u l t i v a r s in cross c o m b i n a t i o n s with Sonora 64. HANNA (1973) ind ica ted t h a t crosses 
between Mex ican varieties and Sonora 64 were promising as regards increasing the yield. 
REHAB et al. (1975) indicated t h e need to i n t roduce a short season reheat cul t ivar in E g y p t . 
The present inves t iga t ion is an a t t e m p t to produce such a cult ivar. 
Ten c u l t i v a r s were grown each in four smal l plots of 19.7 m 2 fo r f ive years s t a r t i ng 
in 1970. The cu l t iva r s were g iven t he agronomic t r ea tmen t usual for w h e a t cu l t iva t ion in 
Egyp t . A c o m p l e t e randomized b lock design was used to compare t he cu l t iva r s with regard 
to yield, ear l iness and percentage pro te in . The yield was measured in k i lograms and earl iness 
i n days f rom t h e da te of p lant ing t o t he date of ha rves t , while the percen tage protein was based 
on random s a m p l e s of the grains. T h e average of f ive years was used in t he s ta t is t ical analys is 
and LSD was u s e d to compare t h e means . 
Table 1 gives the mean pe r plot over f ive yea r s for the d i f fe ren t var ie t ies used w i t h 
regard to g ra in yield, earliness a n d percentage pro te in . The analysis of va r i ance for these t r a i t s 
a re given in T a b l e 2. 
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Table 1 
The average per plot for grain yield, earliness and percentage protein 
Cult ivar Average yie ld 
per plot (kg) 
Earliness 
(days) 
Percentage 
protein 
Sonora 64 1.574 150.5 9.825 
Pitic 62 1.515 183.0 8.075 
Siete Cerros 1.018 176.3 8.775 
Lerma R o j o 1.093 160.0 8.075 
Mexipak 1.019 171.5 8.550 
Bajio 67 0.902 158.2 8.825 
Tobari 66 0.864 157.6 8.725 
Nainari 60 0.845 177.0 8.675 
Inia 66 0.788 169.3 10.000 
Giza 155 0.731 176.3 7.700 
LSD 0.158 10.3 1. 91 
Table 2 
Analysis of variance for the three traits 
Source d. f. 
Yield Earliness Prote in 
M. S. F . M. s. F. M. S. F. 
Variet ies 9 0.239 3.36** 465.5 18.39** 2.122 2.395* 
Blocks 3 0.134 1.74 7.3 0.289 0.163 0.018 
Error 27 0.077 25.3 0.886 
* S ign i f i can t at 5 % 
** S ign i f i can t at l° / 0 
T h e various var ie t ies showed highly s igni f icant differences in grain yield per plot . The 
cu l t iva r Sonora 64 was t h e highest yielder i n comparison wi th o the rs under the same environ-
m e n t a l condit ions, while t h e Egypt ian c u l t i v a r Giza 155 was t h e poorest in th is respect . 
A p a r t f rom slight va r ia t ions the r e s u l t s were consistent dur ing the whole per iod of t he 
e x p e r i m e n t . 
T h e earliest va r i e ty was Sonora w h i c h required on average 150.5 days f r o m the da te 
of p l a n t i n g to the da te of harves t , while P i t i c 62 was the l a t e s t var ie ty , r equ i r ing 183 days . 
Highly signif icant d i f ferences were found be tween the var ie t ies in th is t r a i t . 
T h e varieties showed significant d i f fe rences in the percen tage protein. I t is apparen t 
f rom T a b l e 1 t h a t the va r i e t i e s Inia 66 and Sonora 64 were the highest in p ro te in con t en t and 
the d i f fe rence between t h e m was s ignif icant . 
F r o m the results ob ta ined in this p a p e r , the cul t ivar Sonora 64 a p p e a r s t o be a good 
p rospec t ive variety for E g y p t . Sonora 64 w a s t he highest in yield and was t h e ear l ies t during 
the who le per iod of t he exper iment . The r e s u l t s were consis tent during the per iod f r o m 1970 
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t o 1974. The c u l t i v a r Iiiia 66 exceeded the va r ie ty Sonora 64 w i th regard to pe rcen tage p ro t e in 
b u t the d i f ference w a s no t s ign i f ican t . T h e au tho r s r e c o m m e n d the cu l t i va r Sonora 64 to lie 
g rown on a large scale in E g y p t t o inc rease whea t p r o d u c t i v i t y and to o b t a i n t h e m a x i m u m 
yie ld in a r e la t ive ly s h o r t period. T h e cu l t iva r Sonora 64 has reddish coloured grains, b u t t h i s 
def ic iency is a m i n o r one compared to i t s useful t r a i t s . Moreover , t he colour of t h e grains could 
b e improved by a ca re fu l ly designed backcross p r o g r a m m e w i t h Giza 155 as a donor for t h e 
g ra in colour t r a i t . 
In fac t , m o r e c o m p r e h e n s i v e genet ic s tud ies of t h e t r a i t s carr ied b y Sonora 64 a re 
needed in order t o get a good s u b s t i t u t e for Giza 155. T h e i n f o r m a t i o n o b t a i n e d in this exper i -
m e n t seems to i n d i c a t e t h a t Sonora 64 has a va luab l e g e r m p l a s m which should be b e t t e r 
exp lo i ted . 
The a u t h o r s are cur ren t ly c a r r y i n g out a genet ic i nves t iga t ion of t h e economic t r a i t s 
in Mexican c u l t i v a r s in line w i th these eva lua t ion s tud ies , s imilar to the w o r k of IBRAHIM — 
ABTIL-NAAS ( 1 9 7 4 ) . 
Monosomie ana lys i s for these t r a i t s is also needed to help in es tab l i sh ing inves t iga t ions 
o n gene and c h r o m o s o m e t r ans fe r a n d in achieving a p e r m a n e n t whea t cu l t i va r . 
* 
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C H A N G E S I N A S C O R B I C A C I D D U R I N G I N V I T R O P O L L E N T U B E 
D E V E L O P M E N T I N P I N U S R O X B U R G H I I S A R G . 
The c h e m i s t r y of pollen g ra ins has been re la t ive ly well s tudied (STANLEY 1973). T h e 
m i n e r a l conten ts , c a r b o h y d r a t e s , o rgan ic acids, amino acids , p ro te ins , nucleic acids, p igments , 
v i t a m i n s and s t e ro ids h a v e been a n a l y s e d (STANLEY LINSKENS 1974). I n some p lants , e.g 
Pinus montana, Almus miona and Zea mays, etc., pollen v i t a m i n con ten t s h a v e also been an 
a lysed . In general . Pinus pollen c o n t a i n e d a high a m o u n t of ascorbic acid in /ig/g dry weight . 
Severa l func t ions h a v e been assigned to ascorbic acid (CHINOY 1969, LALOHAYA et al. 1972)  
hu t their specific role in pollen t u b e m e t a b o l i s m is n o t c lear . In f ac t no w o r k is available on 
t h e changes in ascorb ic acid d u r i n g pol len ge rmina t ion excep t a h i s tochemica l s tudy b y 
Acta Agronomien Academiae Seienliarum Hungaricae 27, 1978 
V A R I A 8 3 
MEHAN—MAI.IK (1976). T h e pollen tube f o r m a t i o n is a morphogene t i c process, comparab le 
to the cel lular d i f ferent ia t ion (MALIK 1974) a n d is accompanied b y profound changes in the 
cellular metabol i sm. P r e s u m a b l y qual i ta t ive a n d quant i t a t ive changes in the cellular consti-
tuen t s occur red during pollen tube elongat ion. 
Th i s communica t ion describes the c h a n g e s in the level of ascorbic acid (ASA) during 
the g e r m i n a t i o n of pollen in P i n n s roxburghii a n d a t t empts to e x a m i n e its role in pollen tube 
deve lopmen t . 
Pol len grains of Pinus roxburghii were incuba ted in a liquid cu l tu re medium, compris ing 
10°
 0 sucrose at 28 ± 2°C in sterilized cavi ty dishes, and were a l lowed to germina te for 70 hr. 
Cultures were grown in e i ther complete d a r k n e s s or in the d a y l i g h t available f rom fluorescent 
tubes g iving an intensi ty of abou t 1200 lux a t the level of t h e cul tures . The ascorbic acid 
con ten t was es t imated a f t e r 0, 20, 40 and 60 hr of incubat ion. For t h e es t imat ion of ASA, 50 mg 
of pollen was used and it was homogenized in 2 ml of 0.5% oxalic acid solution us ing a chilled 
pestle a n d mor ta r . The h o m o g e n a t e was f i l t e red in a test tube a n d allowed to s t and for 30 min. 
To this , 5 ml of amyl-a lcohol was added a n d th is was followed b y the addi t ion of 3.2 ml of 
5 mg",, of d ichlorophenol indophenol p repa red in water to the lower layer. The tes t t u b e was 
shaken for 5 min and allowed to s tand. The u p p e r layer was c e n t r i f u g e d and Of) was measured 
at 546 n m wi th the help of spectronie-20 ( B a u s c h and Lomb). F o r t he controls, t he same pro-
cedure was adopted except t h a t the addi t ion of pollen grain e x t r a c t was omi t t ed . The histo-
chemical localization of A S A was made fol lowing the f ixa t ion of do rman t and germina t ing 
pollen in an acidic-alcoholic solution of A g N 0 3 in the cold. The reduc t ion of AgNO : j resulted 
on the f o r m a t i o n of brown or black granules. T h e occurrence of g ranules indicated t h e presence 
df ASA. Phenols and perox idase levels were also studied colorimetr ical ly by the procedures 
described b y I.ALORAYA et ul. (1972). 
Pol len grains were characte i ized by t h e piesence of h igh ASA act ivi ty. Some of the 
pollen lacked ASA and fa i l ed to germina te even after 60 hr of incubat ion . The pollen was 
t rea ted wi th CuS0 4 and t he r e was a reduct ion in the ASA ac t iv i ty . This suggested the presence 
of f l avono ids as w ell. Pollen grains w hich were stored under o r d i n a r y room condi t ions had an 
ex t remely low act ivi ty when tested for ASA. 
Histochemical loca l iza t ion also revealed the presence of ASA in the pollen cy toplasm 
and pollen tubes . The i n t e n s i t y of ASA was especially s t rong in t h e tip of the pol len tubes. 
The re were marked differences in t h e percentage of g e r m i n a t i n g pollen when incubated 
in t h e d a r k or in light condi t ions . The pe rcen tage of ge rmina t ion was compara t ive ly high 
when t he pollen was i n c u b a t e d in the dark . A l though the overall p a t t e r n of u t i l i ty and bio-
synthesis was comparable u n d e r the two cond i t ions of i ncuba t i on , some di f ferences were 
never theless observed. Fo r ins tance , in the f i r s t 40 hr of ge rmina t i on , the a m o u n t of ASA 
cont inuous ly decreased a n d thereaf te r it c o n t i n u e d to increase. I t can he observed f r o m Fig 1. 
t ha t t h e decrease was m o r e pronounced w h e n incubation was car r ied out in t h e l ight while 
in the dark the depletion of ASA was compara t i ve ly less. 
The v i tamin con ten t s of Pinus montana, Almus miona a n d Zen mays pollen have been 
ana lysed (STANLEY 1973). In general Pinus pollen contains a h igh amount of ASA in /ig/g 
dry weight of pollen. Several roles have been proposed for t he A S A (MAPSON 1958, CHINOY 
el al. 1973) b u t its specific role in pollen me tabo l i sm is not c lear . 
I n t he present s tud ies t he amoun t of ASA in pollen, g rown in the dark decreased less 
l ap id ly compared to t h a t of pollen grown in t he light. The decrease in the a m o u n t of ASA 
s t imula ted tube emergence a n d its early g r o w t h . However, it is no t possible to e s t i m a t e the 
a m o u n t of ASA present in t he pollen and t h e pollen tubes s epa ra t e ly . It is of considerable 
in teres t t h a t MEHAN —MALIK (1977), using his tochemical m e t h o d s , demons t ra ted t he presence 
of ASA in the pollen and also in the pollen t u b e s . Fur the rmore , t h e reaction of ASA persisted 
in t he pollen during d i f fe ren t phases of ge rmina t ion though i ts in tens i ty decreased. W i t h the 
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increased period of germina t ion ASA increased in the t u b e t ip . Our s tud ies suppor t the obser-
v a t i o n s of MEHAN MALIK (1977). I t is generally known t h a t compared w i t h the dried seeds, 
t h e r e is an increased biosynthesis of A S A af te r soaking a n d dur ing ge rmina t ion (ISHEHWOOD — 
MAPSON 1962, TEWARI RATHOBE 1973). However, in t he pollen a reverse s i t ua t i on is encoun-
t e r e d . For instance, t h e dried seeds l a cked ASA while r ipe , whereas u n g e r m i n a t i n g pollen con-
t a i n e d an a b u n d a n t ASA content . I t is diff icul t to t h i n k of the reason fo r such a decrease in 
t he initial stages of pollen germinat ion except that it ind ica tes the c o n t i n u o u s uti l ization of 
t h e ASA reserves. The biosynthesis of ASA begins only a f t e r 40 hr of i ncuba t i on , when the 
sucrose from the bas ic medium is ava i lab le . 
Since it was f i r s t isolated, the b iosynthes is and d i s t r ibu t ion of ASA h a s been worked out 
i n s e v e r a l p l a n t s p e c i e s (ISHERWOOD et al. 1954 , I S H E H W O O D - MAPSON 1 9 6 2 . MAPSON 1 9 5 8 ) .  
CHINOY et al. ( 1 9 7 3 ) , LALORAYA et al. ( 1 9 7 2 ) , TEWARI — RATIIORE ( 1 9 7 3 ) a n d WAHAL et al. 
(1973) studied the q u a n t i t a t i v e d i s t r ibu t ion of ascorbic acid in the tissues of d i f ferent systems. 
MOHAN—KHANNA (1974) studied t h e ascorbic acid metabo l i c and g rowth in a Datura t issue 
c u l t u r e . 
The occurrence of ASA and D H A (dehydroxyascorbic acid) has been described in differ-
e n t organisms; the f o r m e r occurs in re la t ive ly high concen t ra t ions in p lan t a n d animal tissues. 
DAVE et al. (1969) described a cy tochemica l method for t he localization of ascorbic acid. 
LALORAYA et al. ( 1 9 7 2 ) , SETHI MALIK ( 1 9 7 4 ) a n d MALIK VERMANI ( 1 9 7 5 ) , u s i n g h i s t o c h e m i -
ca l procedures, local ized ASA in d i f f e r e n t tissues. It is general ly suggested t h a t ASA plays 
a significant role in t he d i f ferent ia t ion of different t issues in higher plants . Po l len grains, when 
i n c u b a t e d in the g r o w t h medium, p u t f o r t h pollen tubes . T h e format ion of pol len tubes is com-
p a r a b l e to cellular d i f fe ren t ia t ion a n d is a morphogenet ic phenomenon (MALIK 1974). Recent 
s t u d i e s f rom this l a b o r a t o r y indicate p r o f o u n d changes dur ing the cel lular metabol ism and , 
p r e s u m a b l y , qua l i t a t i ve and q u a n t i t a t i v e changes in t h e cellular c o n s t i t u e n t s occur dur ing 
po l len tube grow th . I n the light of t h e s e inferences it m a y perhaps he a s s u m e d tha t ASA is 
concerned with t he processes control l ing t he growth and elongat ion of pol len tubes . The elon-
g a t i o n of pollen t u b e s is a process of cell enlargement a n d the re is no nuc lear division. EDGAR 
(1970) observed t h a t an increase in D H A inhibited cell divis ion hut p romoted cell enlargement . 
I t seems to us t h a t an ASA-DHA sys t em may he a possible mechanism con t r i bu t i ng towards 
pol len tube elongat ion. I t is worth m e n t i o n i n g tha t our cy tochemica l tes ts s u p p o r t e d the earlier 
obse rva t ions of MEHAN — MALIK (1977) regarding high ac t iv i t y in the po l len t u b e tip. I t is 
wor thwhi l e ment ion ing t h a t the act ive grow th of the t u b e is restr ic ted to t h e t i p region (ROSEN 
1973). Seemingly ASA is oxidized to D H A by some mechan i sm during the in i t i a l 40 hr of incu-
b a t i o n . In I'inus roxburghii, after u p t o 40 hr of incuba t ion in sucrose t h e s ta rch synthesis 
w a s observed to he m a x i m u m (SINGII et al. 1976), ind ca t ing the possibi l i ty of mobi-
l iza t ion and the d i rec t conversion of suga r s into s tarch. Th i s is a period w h e n ASA also de-
c reased . After 40 hr t h e amoun t of s t a r c h synthesis decreased b u t the level of ASA increased. 
P r o b a b l y the externa l sucrose was c o n v e r t e d into ASA r a t h e r t h a n into s t a r ch . The biosynthesis 
of ASA increased w i t h addi t ional t ube elongat ion. The q u a n t i t a t i v e e s t ima t ion of phenols and 
pe rox idase also exh ib i t ed an increase w i t h germination and ear ly tube e longa t ion . This increase 
con t inued during the f i r s t 40 hr of i ncuba t i on . Evident ly some relat ionship b e t w e e n peroxidase, 
pheno l s and ASA could be visualized. It is known t h a t , by act ing on phenols , peroxidase pro-
duces quinones t h r o u g h an in te rmedia te semiquinone (LALORAYA et al. 1972) and the l a t t e r 
t r igge r s the oxidat ion of ASA to D H A . Peroxidase is also k n o w n to act on ASA and p roduce 
D H A (CIIINOY 1969). I t seems to us t h a t peroxidase, pheno l s and ASA play a n i m p o r t a n t role 
in t h e development a n d di f ferent ia t ion of t he tubes. F u r t h e r m o r e , we may a d d t h a t peroxidase 
a c t e d on phenols and indirect ly regu la ted the level of ASA. There is an e x p o n e n t i a l growth of 
po l len tubes af ter 20 hr and possibly pe rox idase acted on t he phenols and a c t e d as the terminal 
o x i d a s e in pollen t u b e fo rmat ion , while, coupled to the ox ida t ion of ASA, i t serves as a source 
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of e n e r g y for the p r e v a l e n t metabol ic ac t i v i t i e s . It m a y b e sugges ted t h a t w i t h t he action of 
A S A - r e d u c t a s e a c t i v i t y a considerable a m o u n t of e lec t ron f l o w would be m a i n t a i n e d w i t h o u t 
a n y i n v o l v e m e n t of O., in such a s y s t e m . I n t he absence of aerobic r e s p i r a t i o n dur ing ea r ly 
po l len t u b e growth , t h e ava i lab i l i ty of e n e r g y t h rough A S A s e e m s in te res t ing (SINGH el«/. 1976). 
T h e ascorba te c o n t e n t of pollen t u b e s decreased d u r i n g t h e initial s t a g e s of tube f o r m a -
t i o n . wh ich ind ica ted i t s u t i l i ty in t h e a c t i v e l y growing a n d metabol iz ing s t a t e . I t is q u i t e 
e v i d e n t t h a t ASA is s y n t h e s i z e d f rom t h e exogenous s u g a r s of t h e med ium a f t e r 40 lir of i ncu -
b a t i o n . T h e precise role of phenols in e x e r t i n g a control oil t h e energy r e a c t i o n s is being ex-
a m i n e d . 
• 
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E F F E C T O F T H E F U N G I C I D E " O R T H O C I D E " 
O N T H E D E C O M P O S I T I O N O F H U M I C A C I D S 
T h e decompos i t i on of h u m i c acids is b r o u g h t about b y t h e activit ies of l a r g e number s 
of soil m ic roo rgan i sms . M a n y workers (KUDRINA 1951, ALEKSANDROVA 1953, SCHONWALDER 
1938, NIKITIN 1961. MRYSHA 1967, 1969 a n d ZOIIDY 1971) h a v e found t h a t t h e t r u e humic 
acid d e c o m p o s e r s are Pseudomonas, Corynebacterium, Bacillus a n d short r o d s g-bacter ia 
which d e c o m p o s e the c o m p l e x s t r u c t u r e of h u m i c acids to s i m p l e r forms. These b y - p r o d u c t s 
are u t i l i zed b y o ther h e t e r o t r o p h i c m i c r o o r g a n i s m s . There fo re , a n y organic m a t e r i a l s passing 
t o t he soil cou ld easily be a t t a c k e d by these mic ro f lo ra . 
In ag r i c id tu ra l p r a c t i c e , nowadays , f ung i c ide s are u s e d extensively . T h e fungic ides 
app l i ed as seed dressing a r e of special i n t e r e s t t o microbio logis ts since their c o n c e n t r a t i o n s in 
the seed b e d are cons ide r ab ly high. These o r g a n i c mater ia ls , w h i c h are toxic t o f u n g u s (GÖR-
D E N - YOUNG 1960, HAMED 1968 and MAHMOUD et al. 1973B), m a y also have a t o x i c or s t imu-
la t ing e f f e c t on o rgan isms decompos ing h u m i c acids . Any a g e n t w h i c h affects t h i s g r o u p m a y 
also i m p a i r soil fer t i l i ty . T h e r e f o r e , the o b j e c t i v e of this i n v e s t i g a t i o n is to s t u d y t h e effect 
of t he f u n g i c i d e " O r t h o c i d e " , w h i c h is used in l a rge a m o u n t s o n E g y p t i a n soils, o n t h e decom-
posi t ion of h u m i c acids. 
T h e e f fec t of o r t h o c i d e on the h u m i c ac id decompos i t i on process was i n v e s t i g a t e d by 
a d d i n g p a s t e u r i z e d h u m i c ac ids , e x t r a c t e d f r o m bodrei t (KONONOVA BELCHIKOVA 1961). 
a t a r a t e of 0 . 1 % . to a m o d i f i e d L a d d l iquid m e d i u m in 250 ml conica l f lasks. T h e s e were in-
ocu la ted w i t h 1 ml of fe r t i l e soil suspensions a s a source of h u m i c acid decomposers . T h e ortho-
cide ( N - ( t r i c h l o r o m e t h y l t h i o ) - 4 - c y c l o h e x a n e , 1 -2 -d i ea rbox imide ) , was applied a t a r a t e of 0. 
1. 10 a n d 20 p p m . Three r e p l i c a t e s were u s e d f o r each t r e a t m e n t a n d the f lasks w e r e i ncuba t ed 
at 30°C. T h e n samples w e r e t a k e n a f te r 3, 7. 14, 21, 28 and 35 d a y s f r o m all t r e a t m e n t s for the 
fo l lowing d e t e r m i n a t i o n s : 
1. T o t a l o rgan isms decompos ing h u m i c acids, us ing t h e Fadd agar m e d i u m (LADD 
1964) m o d i f i e d by ZOHDY (1971) . 
2. T o t a l carbon, u s i n g T s y p l e n k o v ' s m e t h o d (TSYPLENKOY 1963). The a m o u n t s of carbon 
were c a l c u l a t e d f r o m 4 s t a n d a r d curves u s i n g t h e same c o n c e n t r a t i o n s of a p p l i e d or thocide 
to avoid t h e a m o u n t of c a r b o n in the f u n g i c i d e . 
3. T o t a l volat i le ac ids . 
4. T o t a l n i t rogen, u s i n g t he s emi -mic ro -k j e ldah l m e t h o d . 
5. E x t r a c t i o n a n d d e t e r m i n a t i o n of t o t a l soluble n i t r o g e n , using G a l l a w a y ' s me thod 
(CALLAWAY 1 9 5 8 ) . 
6. E x t r a c t i o n a n d d e t e r m i n a t i o n of t o t a l amino acids, u s i n g Rosen 's m e t h o d (ROSEN 
1 9 5 7 ) . 
7. p H values , us ing t h e Beckman a p p a r a t u s . 
All t h e s e d e t e r m i n a t i o n s comprise t h e d i f f e r e n t s teps of h u m u s d e c o m p o s i t i o n and any 
changes in the i r a m o u n t s d e n o t e the e f f ec t of t h e fungic ide o n these i m p o r t a n t processes. 
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1. Effect of orthocide on total organisms decomposing humic acids. The da ta in Tah le 1 
show t h a t , when the or thoc ide was applied, i t s t imula ted the g r o w t h of humic acid decompo-
sers, especial ly the 1 ppm or thoc ide t r e a t m e n t . A negative cor re la t ion seems to exis t be tween 
the coun ts of humic acid decomposers and o r t h o c i d e concentrat ions. Af te r 21 days, t h e counts 
of this g r o u p at 1 ppm or thoc ide t r e a tmen t decreased as c o m p a r e d to the con t ro l f igures. 
At the 10 a n d 20 ppm or thoc ide t r ea tmen t s , t h e reduction in c o u n t s was observed a f t e r 28 
days. Moreover , the reduc t ion in the count w a s proportional to t h e orthocide concen t r a t i on . 
This inh ib i to ry effect of the or thocide on h u m i c acid decomposers could he a t t i i b u t e d to the 
release of the chlorine of the or thocide as na scen t Cl~, which is tox ic t o microorganisms. I t may 
also he d u e to the reaction of t h e cap tan group, t h e "ac t ive par t of or thoc ide" . wi th S H groups 
released d u r i n g the degrada t ion of humic acids , g iv ing rise to th iophosgene which is v e r y toxic 
t o m i c r o f l o r a ( I N K E N S et id. 1 9 5 9 , I N K E N S 1 9 6 3 , M O N T I E — H U G H 1 9 6 2 a n d I I A M E D 1 9 6 8 ) . 
2. Effect of orthocide on total carbon content in humic acid decomposing cultures. I n Tahle 2 
it can he seen tha t there is a g radua l increase in t he concentrat ion of to ta l carbon in t h e control 
and o r thoc ide t rea ted cu l tures , reaching d i f f e r e n t peaks at d i f f e r en t t imes depend ing on the 
or thocide concent ra t ion . The re alson seems to be a positive re la t ion be tween the r a t e s of ortho-
cide a d d i t i o n and the a m o u n t s of total c a rbon in the cultures. A t t he end of the e x p e r i m e n t 
there is a negat ive correlat ion between the t o t a l carbon and the c o u n t s of humic ac id decom-
Table 1 
Humic acid decomposer counts in humic acid cultures treated with orthoi ide 
No. in millions// ml culture 
Time of j Or thocide in ppm 
sampling 
in days Control l 10 20 
2 3 . 8 0 0 8 , 6 0 0 1 0 , 7 0 0 5 , 1 0 0 
7 4 . 8 0 0 1 5 , 3 0 0 1 8 . 6 0 0 8 , 2 0 0 
1 4 4 , 1 0 0 5 7 , 9 0 0 1 7 , 5 0 0 1 3 , 2 0 0 
2 1 8 8 , 0 0 0 4 8 , 3 0 0 8 2 , 2 0 0 9 0 . 0 0 0 
2 8 1 8 0 . 0 0 0 1 6 0 , 0 0 0 1 4 4 , 0 0 0 1 0 0 , 4 0 0 
Table 2 
Total carbon content in humic acid decomposer cultures treated with orthocide 
mg carbon/100 ml culture 
Time of Orthocide in ppm 
sampling 
in days Control 1 10 20 
2 3 6 3 5 4 2 5 7 
7 4 4 3 9 4 3 6 7 
1 4 5 4 4 0 4 8 6 1 
2 1 3 5 4 5 4 0 5 7 
2 8 3 7 4 1 4 3 5 0 
3 5 3 8 3 2 3 6 5 4 
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posers. The coun t s of the humic acid decomposers a f t e r 28 days were 180, 160, 144 and 100 
mill ion/1 ml c u l t u r e while the a m o u n t s of total c a rbon were 37, 41, 43 a n d 50 mg 0/100 ml 
for 0. 1, 10 and 20 p p m orthocide respect ively . This n e g a t i v e correlation m a y be due to t h e 
inh ib i to ry effect of or thocide on t h e decarboxylat ion of t h e oxidizable o rgan ic materials b y 
microorganisms c a u s i n g the a c c u m u l a t i o n of these m a t e r i a l s in the cu l tu re . These results a r e 
conf i rmed by t h e f ind ings of IIOCHSTEIN et al. (1954) and HOCHSTEIN —Сох (1956). 
OWENS — NOVOTNY (1959) s ta ted t h a t captan a f fec t s t h e cellular m e t a b o l i s m by block-
ing a key deca rboxy la t ion reaction in which thiamine p y r o p h o s p h a t e f u n c t i o n s as a co-enzyine. 
W h e n the counts of humic acid decomposers increased t h e amount of c a r b o n decreased a t t h e 
e n d of the e x p e r i m e n t . This may also he due to the a d a p t a t i o n of the o rgan i sms to the t o x i c 
subs tances or t o t h e disappearance of thiophosgene or c a p t a n from t h e cu l tu re , pe rmi t t i ng 
t h e organism to ox id ize the organic ma te r i a l s to C0 2 , w h i c h is liberated f r o m the culture. Th i s 
d a t a corresponds t o t h a t of RADWAN (1965) and HAMED (1968) who f o u n d t h a t TMTD a n d 
or thocide decreased soil respirat ion a n d depression in CO» production; t h e subsequent s t i m u -
l a t i on of resp i ra t ion was probably d u e t o the u t i l i za t ion of decomposit ion was probably d u e 
t o the util ization of decomposit ion p r o d u c t s by microorgan isms . 
3. Effect of orthocide on the amounts of total volatile acids in humic acid decomposing 
cultures. In Table 3 a gradual increase in the amount of vola t i le acids in t h e control and o r t h o -
cide t rea tments m a y be observed. S u c h increases d i f fe red according to t he or thoc ide concent ra-
t ions and decreased thereaf te r . Moreover there is a n e g a t i v e correlation b e t w e e n the a m o u n t s 
of these acids a n d or thocide . In genera l , there is a pos i t ive correlation b e t w e e n the total c a rbon 
a n d the volatile ac ids . This may b e d u e to the i n h i b i t i o n effect of c a p t a n on the decar -
boxyla t ion of k c t o acids by microorganisms, thereby inh ib i t ing or a l t e r ing t he further u t i l i -
za t ion of these ac ids to terminal r e s p i r a t i o n of C02 a n d shif t ing the m e t a b o l i s m of the k e t o 
ac ids to form t h e s e simple acids. T h e s e results are in agreement w i t h t h o s e of MAHMOUD 
et al. (1973a) who f o u n d tha t p y r u v i c a n d a-keto g l u t a r i c acids were a c c u m u l a t e d in the cul-
t u r e t reated w i t h or thoc ide . After a pe r iod depending o n t h e orthocide level , the total a m o u n t 
of volatile acids decreased . I t may b e supposed tha t t h e organisms begin t o utilize these ac ids 
as a source of e n e r g y . 
4. Effect of orthocide on the pll values of humic acid decomposing cultures. The d a t a in 
Tab le 4 indicate t h a t t h e pH values of t h e treated c u l t u r e s are lower t h a n t h o s e of the con t ro l 
t r e a t m e n t dur ing t h e experiment , a n d tha t the p H v a l u e s decreased g radua l ly with t i m e . 
I n general, there is a negative co r re l a t ion between t h e p H and the a m o u n t s of volatile ac ids 
a n d total carbon. T h e relative decrease in the pH a f t e r 21 days in 1 p p m or thocide t r e a t m e n t 
is due to the h igh accumula t ion of b o t h volatile acids a n d tota l carbon. 
5. Effect of orthocide on the total nitrogen content of humic acid decomposing cultures. 
T a b l e 5 shows t h a t t he lower c o n c e n t r a t i o n of o r t h o c i d e inhibited t he f i x a t i o n of n i t rogen 
a n d gave lower a m o u n t s t han the con t ro l , while 20 p p m or thocide t r e a t m e n t gave higher n i t ro -
gen amounts f rom t h e f i rs t sample d e n o t i n g that this level of orthocide m a y h a v e a s t imula tory 
e f fec t on ni t rogen f i xa t i on besides t h e amounts of n i t r o g e n initially f o u n d in the or thocide 
a d d e d . It is also obse rved tha t there is a gradual inc rease in nitrogen c o n t e n t in the o r thoc ide 
t r ea t ed cultures. T h i s increase is m o r e obvious in t h e 1 p p m t r e a t m e n t t h a n in the o t h e r 
t r ea tmen t s . I t is w o r t h mentioning t h a t t he same h igh p e a k s of both t o t a l nitrogen and t o t a l 
c a rbon for the d i f f e r e n t t r ea tmen t s a r e related. HOCHSTEIN —Cox (1956) a n d MAHMOUD et al. 
(1973a) found t h a t c a p t a n inh ib i t ed p y r u v a t e b r e a k d o w n and caused t h e accumulat ion of 
py ruv ic and a - k e t o glutaric acids in t h e culture. Th i s cou ld explain h o w t h e nitrogen f i xe r s 
in t he soil inoculum are able to su rv ive t h e toxicity of c a p t a n by uti l izing t h e s e keto acids fo r 
t h e f ixat ion of a tmosphe r i c n i t rogen. 
6. Effect of orthocide on the total soluble nitrogen in humic acid decomposing cultures. 
T h e data in Table 6 show that all t h e orthocide f igures a r e higher than t h e control t h r o u g h o u t 
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Table 3 
Total volatile acids in the humid acid decomposing cultures treated with orthocide 
Time of Orthocide in ppm 
sampling 
in days Control l 10 20 
2 0 . 3 3 5 5 0 . 6 3 7 9 0 . 8 1 0 1 0 . 1 0 2 2 
7 0 . 3 7 5 8 1 . 3 8 2 4 0 . 9 2 0 1 0 . 1 9 1 5 
1 4 1 . 8 2 4 5 1 . 4 0 9 4 1 . 2 9 1 7 0 . 4 5 5 0 
2 1 0 . 4 1 0 4 3 . 5 3 5 2 1 . 0 0 8 0 1 . 0 8 3 0 
2 8 0 . 3 3 1 2 1 . 0 8 4 3 0 . 9 5 3 8 0 . 7 7 0 4 
3 5 0 . 9 4 3 2 0 . 9 2 8 8 0 . 8 7 8 4 0 . 6 6 6 7 
Table 4 
pH values of humic acids decomposing cultures treated with orthocide 
Time of Orthocide in ppm 
sampling 
in days Control l 10 20 
2 6 . 5 5 6 . 4 5 6 . 4 5 6 . 4 7 
7 6 . 5 5 6 . 4 5 6 . 4 7 6 . 4 0 
1 4 6 . 4 5 6 . 4 2 6 . 3 5 6 . 3 2 
2 1 6 . 4 0 6 . 3 5 6 . 3 2 6 . 3 0 
2 8 6 . 4 2 6 . 2 7 6 . 2 2 6 . 2 0 
3 5 6 . 3 5 6 . 3 0 6 . 1 7 6 . 1 5 
Table 5 
Total nitrogen content of acid decomposing cultures treated with orthocide 
mg N/100 ml culture 
Time of Orthocide in ppm 
sampling 
in days Control l 10 20 
2 9 6 . 2 8 7 1 . 9 2 7 3 . 5 2 1 1 3 . 9 2 
7 9 3 . 1 2 7 3 . 1 0 9 4 . 6 4 1 1 4 . 0 0 
1 4 7 5 . 6 0 7 4 . 8 0 1 3 9 . 2 0 8 4 . 4 0 
2 1 7 4 . 4 0 8 5 . 2 0 6 8 . 8 0 7 4 . 1 6 
2 8 7 4 . 8 0 6 5 . 9 2 6 8 . 5 6 7 4 . 2 8 
3 5 7 5 . 5 0 6 8 . 1 6 6 8 . 0 0 7 1 . 4 8 
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Table 6 
Total soluble nitrogen in humic acid decomposition cultures treated with orthoridp 
mg N/100 ml culture 
Time of 
sampl ing 
in d a y s Control 
Orthocide on p p m 
1 10 20 
2 26.60 26.73 33.22 33.01 
7 28.41 27.93 33.52 39.26 
14 29.02 29.74 33.23 35.64 
21 28.01 32.98 34.98 34.71 
28 26.17 30.22 36.18 37.64 
35 28.44 27.80 37.75 36.52 
Table 7 
Total amino nrids in humic acid decomposing cultures treated with orthocide 
pg N/1 ml culture 
Time of Orthocide in p p m 
sampl ing 
in d a y s Control l 10 20 
2 100 95 95 90.0 
7 115 100 135 112.5 
14 120 105 160 112.5 
21 105 180 105 130.0 
28 115 120 130 170.0 
35 95 95 115 123.0 
t h e experiment deno t ing tha t the o r t hoc ide appl icat ion s l ight ly s t imula ted t he format ion of 
so luble nitrogen. Moreover , the higher t he concentra t ion of applied or thoc ide the higher t he 
a m o u n t of total soluble nitrogen p r o d u c e d . This increase m a y be due to t h e mineral izat ion 
of t he nitrogen molecule in the o r thoc ide s t ruc tu re by he te ro t roph ic microorganisms, in addi-
t i on t o the minera l iza t ion of organic n i t r o g e n in the h u m i c acid molecule. 
7. Effect of orthocide on the amounts of total amino acids in humic acid decomposing 
cultures. The da ta in Table 7 show t h a t a t the beginning of the expe r imen t t he total amino 
ac ids detected were lower in all o r t h o c i d e t r ea tmen t s t h a n in the cont ro l . Af te r a period 
d e p e n d i n g on the o r thoc ide concen t r a t i on , the amoun t of to ta l amino acids increased more 
t h a n the control. This increase a p p e a r e d a t the same t i m e as the increase in t o t a l carbon, to ta l 
vola t i le acids and t o t a l nitrogen, excep t in the 20 p p m t r e a t m e n t , which gave the highest 
f i g u r e af ter 28 days . F u r t h e r , the t o t a l amino acids in t he 1 and 20 p p m or thoc ide t r e a tmen t s 
were lower than t h e control during t h e f i r s t 14 days fol lowed by relat ively m a r k e d increases. 
T h e s e concentra t ions m a y cause a p a r t i a l inhibition of t he microorganisms deal ing with these 
ma te r i a l s . 
All the o r thoc ide t r ea tmen t s s t i m u l a t e d the p roduc t ion of amino acids and the greater 
t he amoun t of o r thoc ide applied the higher was the a m o u n t of t o t a l a m i n o acids ob ta ined . 
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This m a y be d u e to the f o r m a t i o n of these a m i n o acids f rom t h e s i m p l e organic ac ids f o r m e d , 
especial ly a - k e t o acids (MAHMOUD et al. 1973a) a n d th i s could he a t t r i b u t e d ei ther t o t h e a d a p -
ta t ion of t h e organisms t o t h e toxic s u b s t a n c e s or to the d i s a p p e a r a n c e of these t o x i c a n t s 
f rom t h e c u l t u r e . 
* 
P r e p a r e d at the Soils D e p a r t m e n t . Microb io logy , N a t i o n a l Research Cen t r e , Dokki 
Cairo. 
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STUDIES ON METHODS F O R TESTING T H E SPECIFIC R E P L A N T 
D I S E A S E IN O R C H A R D S 
When a species of fruit crop is planted on a g iven area where the same or a closely 
related species has been grown before, it often happens t h a t the new trees grow very poorly. 
This is called "specific replant disease" or specific "soil sickness" (Bodenmiidigkeit, fatigue du 
sol), if neither m a n y nematodes nor pathogens are living in the rhizosphere causing defects 
i n t h e g r o w t h ( B U N T - M U L D E R 1 9 7 3 , GILLES 1 9 7 3 , H E I N 1 9 7 2 . H O E S T R A 1 9 6 8 , OTTO 1 9 7 3 , 
SAVORY 1 9 6 6 ) . 
Many exper iments have shown tha t soil disinfection with different anti-microbe chemi-
cals or physical media gives very good results. 
It seems t h a t a t present the only way to demons t r a t e the soil sickness is to use the 
so-called pot bio assay test , compar ing growth in d i f fe ren t or differently disinfected soils. 
Two var iants of this method were used in our exper iments . 3 — 5 cm high seedlings wfere 
planted in pots as test-plants. The t w o types of biotest a re as follows: 
I. Soil samples taken from old orchards were t r e a t e d with sterilizing chemicals in the 
au tumn . In spring the corresponding seedlings, each 3 5 cm in height, were planted into pots 
or small containers, e.g. peach seedlings into peach-soil. 
I I . Soil samples taken from two different orchards were mixed in different proportions. 
In to one portion of this mixture seedlings of the type grown in one orchard w'ere planted and 
in to the other seedlings of the type grown in the other orchard. 
Although there are other aberrances in the s t u n t e d seedlings, e.g. the decay of th in 
roots , tlie height of the seedlings a f te r two months gave a good indication of the state of heal th. 
The number of repet i t ions was 10 or 20. 
The results are summarized in the following tables and figures. 
Fig. 1. The effect of soil sterilizing chemicals. Apple seedlings. From lef t to right, t rea ted 
wi th dazomet, unt rea ted , treated wi th formaldehyde 
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Fig. 2. T h e effect of soil mix ing . Peach seedl ings. From left t o r igh t : 100% p e a c h soil, 66% 
peach soil, 3 3 % peach soil, 0 % peach soil ( = 1 0 0 % apple soil) 
Fig. 3. The effect of soil mix ing . Apple seedl ings. From left to r igh t : 100% p e a c h soil, 66% 
peach soil, 3 3 % peach soil, 0 % p e a c h soil ( = 1 0 0 % apple soil) 
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Fig. •>. The e f fec t of soil mixing . A p p l e seedlings. F r o m l e f t to r igh t : a p r i c o t soil, apple soil 
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Fig. t. The effect of soil mixing. Apricot seedlings. From lef t to right: apricot soil, apple soil 
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Table 1 
The effect of sterilizing chemicals 
(The height of the seedlings in cm) 
Untreated 15.0 6.6 
Fletron (dazomet) 10 pulv. 5.0 g/1 soil 20.3 -
Hetron 16.6 g ran . 3.2 g l soil 22.0 9.8 
Shell 1) D 0.3 nil/1 soil 17.0 8.3 
Formaldehyde sol. 35% 3.0 ml. 1 soil 22.8 10.6 
80°C 2hr 22.3 9.3 
Sign. diff. 5 % 4,6 1.5 
Table 2 
The effect of soil mixing 
(The height of the seedlings in cm) 
Soil proportions P r a t h (Elbert a) 
Apple 
(Commerc.) 
a) Peach soil : apple soil 
0 : 3 31.9 4.3 
1.: 2 29.3 5.7 
2 : 1 23.6 8.5 
3 : 0 19.8 11.8 
Sign. diff . 5 % 6.8 3.7 
b) Apricot (Commère.) 
Apple 
(Commerc.) 
Appricot soil 100% 14.9 8.3 
Apple soil 100",, 23.8 6.0 
Sign. diff. 5°, , 2.8 2.2 
P r e p a r e d at the Frui t Research S t a t i o n , Cegléd. 
G D KOVÁCS 
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M U L T I - L O C A T I O N A L B E H A V I O U R OF P R O T E I N ANI) L Y S I N E CONTENTS 
IN H I G H Y I E L D I N G W H E A T V A R I E T I E S N E W L Y B R E D I N I N D I A 
In mul t i - loca t iona l trials i n t ended to compare a se t of varieties wi th respect to specific 
character is t ics , it is n o t sufficient j u s t to compare t he va r i e t a l pe r fo rmances averaged over 
t he different loca t ions . I t has now been well established t h a t varieties are t o be judged on t h e 
basis of their s t ab i l i t y and adap tab i l i t y over a range of envi ronments bes ides their average 
per formance . This idea was originally in t roduced by FINLEY- WILKINSON (1963) and f u r t h e r 
pu r sued by EBERHART — RÜSSEL (1966). 
Taking the cue f r o m E h e r h a r t a n d Russel, several s tudies of this t y p e have been con-
d u c t e d by d i f ferent a u t h o r s on var ious crops, mostly o n grain yield. B u t t h e r e is not m u c h 
work of this t ype done on the qua l i ty character is t ics of w h e a t . An a t t e m p t in this d i rec t ion 
h a s been made in t h e present work, t a k i n g advantage of t he large a m o u n t of material f r o m 
mul t i - loca t ional t r ia l s conducted w i t h a wide range of improved variet ies u n d e r the co-ordi-
n a t e d wheat i m p r o v e m e n t project in Ind ia . 
The seeds of t h e d i f ferent va r i e t i e s entered in t h e All-India Co-ordinated Trials were 
t e s t e d for protein a n d lysine con ten t s . T h e trials were bas ical ly mul t i - locat ional in na ture a n d 
covered a large n u m b e r of var ie t ies evolved at var ious compet ing breeding centres. The p u r -
pose of these t r ia ls was to pick out t h e most suitable var ie t ies of whea t fo r different zones 
f r o m a number of compe t ing entries on the basis of the i r per formance a t a n u m b e r of loca t ions 
in t he zone. The de ta i l s of the trials are given on the n e x t page. 
The pro te in con ten t (N x5 .7 ) of t he grain was e s t i m a t e d by the mac ro -Kje ldah l m e t h o d . 
Lysine was d e t e r m i n e d by an a u t o m a t e d colorimetric m e t h o d using a Technicon a u t o m a t i c 
lys ine analyser. Accord ing to this m e t h o d the de t e rmina t i on of lysine in t h e hydrolysate is 
achieved by a con t i nuous colorimetric de te rmina t ion of t h e C0 2 which is l ibe ra ted on a mole 
p e r mole basis by t h e enzymat ic decarboxyla t ion of lys ine using L-lysine decarboxylase. T h e 
m e t h o d used in th i s s t u d y was basically t he same as t h a t descr ibed by SCIIRAIBERGER FERRARI 
(1960), a modif ica t ion introduced in t h e present e s t ima t ions being the use of phosphate b u f f e r 
of p H 6 instead of w a t e r for di lut ing t h e sample and t h e exclusion of the overf low sample r 
in tended to provide smal l aliquots of t he diluted sample . 
Stat is t ical methodology . The d a t a of protein a n d lysine conten ts were subjected t o 
analysis of va r i ance between locat ions (environments) a n d varieties (genotypes) . Since only 
one composite sample for each v a r i e t y f r o m each c e n t r e was available for qual i ty analysis , 
t h e r e was no error c o m p o n e n t for a f o r m a l statistical t e s t of the significance of the in te rac t ion 
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Tr ia l series 
No. of loca t ions f rom which 
samples were tested for N o . of 
Pro te in Lysine 
var ie t ies 
1. National trial (High Fertility: 120 kg N/ha) 
(All 5 Zones) 
11 
-
17 
2. National Trial (Low Fertility: 80 kg N/ha) 
(All Zones) 
8 8 25 
3. Uniform Regional Trial (High Fer t i l i ty : 
120 kg N/ha) 
(North Western Plain Zone) 
8 8 25 
4. Uniform Regional Trial (Low Fer t i l i ty : 
80 kg N/ha) 
(North Western Plain Zone) 
5 3 16 
5. Uniform Regional Trial (High Fer t i l i ty : 
120 kg N/ha) 3 _ 16 
6. Uniform Regional Trial (High Fer t i l i ty : 
120 kg. N/ha) 
(Central Zone) 
3 
-
36 
between locations and variet ies. However, t h e interaction m e a n square be tween locations and 
varieties provided a valid error component for testing the loca t ion and var ie ta l effects. 
The study of s tab i l i ty and adap tab i l i ty was restr ic ted to those trial series for which 
da t a were available f r o m a t least 5 centres . The values of t h e regression coefficient and the 
residual mean square h a v e been calculated for each variety based on the model 
Yij = Щ + ßjlj + ôtj 
where Yn = the mean va lue of any given character for a va r i e ty i at loca t ion j expressed 
as the sum tota l of 
a) the overal l mean effect of the variety i, 
b) cont r ibut ions ascribable t o the linear response of the ith v a r i e t y to the j t h 
location, and 
c) a residual . 
I j = the index of t he environmenta l conditions prevai l ing at the j t h location. 
If t he experiments are conducted with a large number of var ie t ies kept cons t an t over all the 
locations, the mean value of all varieties in any location can reasonably be t a k e n to give a rela-
t ive measure of the envi ronmenta l condi t ions in that locat ion and hence I j c an be given by 
1 V I r n 
=
 1 7 Ж *n = ~nv2 2 ytj i= i i=] j=1 
where v is the number of varieties and n is t h e number of locat ions . /3,, the regression coefficient-
es t imated by 
bi = i ' . V q / j / Y I ) 
j I / 7=1 
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Table 1 
Analysis of variance of protein percentage 
Trial scries S o u r c e D. F. M s. F . 
NAT-HF-AU. Zones L o c a t i o n s 10 53.06 31 .96* 
All . Zones Va r i e t i e s 16 3.30 1.98* 
E r r o r 160 1.66 
NAT-LF-AU. Zones L o c a t i o n s 3 164.13 117.24* 
Va r i e t i e s 24 2.62 1.87* 
E r r o r 72 1.40 
U R T - H F - N . W. P . L o c a t i o n s 7 79.88 36 .71* 
Va r i e t i e s 24 4.39 8 .93* 
E r r o r 168 0.49 
U R T - L F - N . W. P . L o e a i o n s 4 36.91 67 .11* 
Va r i e t i e s 15 2.18 3 .93* 
E r r o r 60 0.55 
U R T - L S - N . W. P . L o c a t i o n s 5 38.84 65 .83* 
\ a r i e t i e s 15 1.84 3 .09* 
E r r o r 75 0.59 
U R T - H F - N . E . P . L o c a t i o n s 2 55.52 66 .89* 
Va r i e t i e s 15 1.12 1.34 
E r r o r 30 0.83 
U R T - H F - C e n . Z o n e L o c a t i o n s 2 195.54 257 .28* 
Var i e t i e s 35 1.38 1.81* 
E r r o r 70 0.76 
* Signif icant a t the 5 % level 
i nd ica t e s t h e p a t t e r n of a d a p t a b i l i t y of t h e v a r i e t y and У , the r e s idua l m e a n square , 
/=1 n — 2 
m e a s u r e s ind i rec t ly t h e s t a b i l i t y of t he v a r i e t y . A var ie ty w i t h a larger r e s idua l m e a n square 
would f l u c t u a t e more w i d e l y a round t he r e s p o n s e line p r e d i c t e d b y t he va lue of bt a n d its per-
f o r m a n c e is l ike ly to be less dependable . 
A f t e r ca lcu la t ing t h e regression c o e f f i c i e n t s and r e s i d u a l m e a n s q u a r e s a s described 
above , t h e va r i e t i e s are c lass i f i ed into 9 g r o u p s b y first d i v i d i n g t h e variet ies i n t o 3 groups of 
h igh, m e d i u m and low p r o t e i n percen tages a n d t h e n dividing e a c h group in to 3 g r o u p s of high 
regress ion coeff ic ien t ( > 1 . 2 ) , m e d i u m r e g r e s s i o n coefficient ( b e t w e e n 0.8 a n d 1.2) , and low 
regress ion coeff ic ient ( < 0 . 8 ) . The logic of t h i s classif icat ion is t h a t we m a y l i ke t o choose a 
v a r i e t y w i t h a high p r o t e i n v a l u e and r eg re s s ion coefficient n e a r t o 1. The va lue of t h e regression 
coe f f i c i en t ind ica tes t h e s l o p e of the line of r e sponse ot t he v a r i e t y to the e n v i r o n m e n t . If b 
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Table 2 
Analysis of variance of lysine percentage 
Trial series Source D. F. M. s. F. 
U R T - H F - N . W. P. Locat ions 7 0 . 1 9 5 7 1 1 . 4 4 * 
Varieties 2 4 0 . 1 1 9 3 6 . 9 7 * 
Error 1 6 8 0 . 0 1 7 1 
U R T - L F - N . W. P. Locat ions 2 0 . 1 8 5 0 3 . 5 6 * 
Varieties 1 5 0 . 0 3 4 7 0 . 6 5 
Error 3 0 0 . 0 5 3 3 
URT-LS-N. W. P. Locat ions 2 0 . 0 4 2 . 4 0 
Varieties 1 5 0 . 0 1 1 . 1 5 
Error 3 0 0 . 0 1 
* Significant a t the 5% level 
Table 3 
Analysis of variance of lysine content 
(mg per 100 g of dry matter) 
Trial series Source D. F. M. s. F. 
U R T - H F - N . W. P. Centres 7 3 . 4 3 8 4 9 2 . 4 3 * 
Variet ies 2 4 0 . 0 2 1 7 2 6 . 8 3 0 * 
Error 1 6 8 0 . 0 3 7 2 
U R T - L F - N . W. P. Centres 2 3 . 1 6 0 8 6 4 . 5 0 * 
Variet ies 15 0 . 0 8 4 6 1 . 7 2 
Error 3 0 0 . 0 4 9 0 
LTRT-LS-N. W. P. Centres 2 2 . 9 4 2 8 5 6 . 2 6 * 
Varieties 1 5 0 . 0 6 9 5 1 . 3 2 
Error 3 0 0 . 0 5 2 3 
* Significant a t the 5% level 
is m u c h be low 1, the response line is nearly hor izonta l , which ind ica tes t h a t the v a r i e t y is not 
r e spond ing to any i m p r o v e m e n t s in the e n v i r o n m e n t . This is n o t a sa t i s fac tory s i tuat ion. 
If b is m u c h above 1, the response line is v e r y s teep . The pe r fo rmance of such var ie t ies improves 
faster w i t h improvements in the e n v i r o n m e n t ; b u t their p e r f o r m a n c e also falls f a s t e r with 
de te r io ra t ion of the e n v i r o n m e n t . A va r i e ty w i t h 6 nearly 1 improves with t he env i ronmen t 
only as m u c h as is expected on the average a n d th i s will be the t y p e having wider adap tab i l i t y . 
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Hence varieties w i t h values of b near ly equal to 1 are t o be preferred for wider application. 
All the varieties h a v e been classified in to 9 groups as shown in Tables 4 t o 7. In each class 
t h e varieties are l i s ted along with t he value of the regress ion coefficients a n d residual mean 
squares . The ins tab i l i ty indices ( index of residual va r i a t ion) , obtained by d iv id ing the individ-
ua l residual m e a n square by the pooled residual m e a n square , are also g iven. Varieties w i t h 
ins tabi l i ty indices of less t h a n I are t h u s more stable t h a n the average a n d vice versa. In t he 
selection of var ie t ies we thus have to select the var ie t ies in the upper midd le cell and among 
t h e m only var ie t ies w i t h a lower ins tab i l i ty index. 
It is observed f r o m the analysis of var iance a n d t h e value of t he va r i ance rat io ( F) 
given in Tables 1 t o 3 t h a t for p ro te in percentage the va r i a t ions due to loca t ion are highly 
signif icant . A l though t he var ia t ions due to varieties are also significant, t h e former var ia t ion 
is of a compara t ive ly higher m a g n i t u d e t h a n the l a t t e r . T h e same t rend was observed in t he 
case of the a m o u n t of lysine on a f lour basis. In the case of lysine as a pe rcen tage of pro te in 
(lysine percentage) the var ia t ion due t o location is aga in more pronounced t h a n tha t due t o 
t h e varieties, a l t h o u g h not so much as in the case of p ro t e in percentage a n d lysine on a f lour 
hasis . It may be n o t e d t h a t out of t he th ree tr ial series for which data on lys ine were available, 
on ly the high fer t i l i ty trial showed any significant var ie ta l var ia t ion , whereas for the low ferti l-
i t y and late sown t r i a l s the var ia t ion due to varieties was no t significant. 
Tables 4 t o 7 give the var ie t ies of different t r ia l series classified in to 9 groups obta ined 
b y f irst dividing t h e varieties into 3 groups of high, m e d i u m and low va lues for protein per-
cen tage and then d iv id ing each of these groups fu r the r i n to 3 groups of h igh, medium and low 
va lues for the regress ion coefficient. Along with each v a r i e t y the value of the regression 
coefficient and t he i n d e x of residual va r i a t ion are also given. Tables 8 and 9 give the same for 
lys ine percentage a n d the amoun t of lysine on a f lour bas is respectively. 
I t is seen in Tab le 4 tha t in t he Nat ional High Fer t i l i ty trial , t h e variet ies MP-85, 
W G . 377 and U P . 215 come into t h e category of high m e a n value of p ro t e in wi th a near t o 
u n i t y regression coef f ic ien t . Among these three, WG. 377 shows a high index of residual var ia-
t i o n and hence c a n n o t be considered s table . The other t w o variet ies have a high protein per-
cen tage with wide adap tab i l i t y and s table per formance . 
The data for t h e varieties en te red in the high fe r t i l i ty uniform regional t r ia l in the Nor th 
W e s t Plain Zone g iven in Table 5 show t h a t the var ie t ies H D . 8 6 3 - 4 . H D . 2024 and UP. 327 
c a n be considered t o be of high pro te in content wi th wide adaptabi l i ty a n d fair ly good sta-
b i l i ty . But HI) . 1925 and UP. 310, a l though high in m e a n protein pe rcen tage , do not show 
e n o u g h stabili ty of pe r formance to lie relied upon. R a j . 827, a l though it shows a high m e a n 
p ro t e in percentage, h a s a slightly s teeper regression line indicat ing it to lie n o t very sui table 
fo r inferior env i ronmen t s , while U P . 326, which has a h igh value for t he m e a n protein per-
centage , shows a s l ight ly f la t te r regression line indicat ing it to he less respons ive to improve-
m e n t s in the e n v i r o n m e n t . 
Among the var ie t ies entered in t h e low fer t i l i ty u n i f o r m regional t r i a l in the N o r t h 
Wes te rn Plain Zone, HD. 2021, R a j . 725, UP. 237, U P . 245 and W H . 102 come under t he 
ca tegory of high m e a n protein va lues combined with wide adaptab i l i ty a n d good s tabi l i ty , 
while HD. 1981, a l t h o u g h high in m e a n protein, does n o t show good s tab i l i ty in performance 
(Table 6). UP. 328 w i t h a steeper regression line and H D . 2020 with a re la t ive ly f la t te r regres-
s ion line can be considered to be more su i ted for superior a n d inferior env i ronmen t s respectively. 
The data for t he la te sown t r i a l f r o m the Nor th W e s t e r n Plains Zone given in Table 7 
show tha t HD. 1981, H D . 1925 and U P . 332 have high m e a n protein va lues combined wi th 
good stability and adap tab i l i t y . For t h e lysine percentage (Table 8) only one var ie ty , namely 
E A . 222-1, comes u n d e r the high lysine group. But th i s v a r i e t y shows a v e r y f la t regression 
l ine which indicates t h a t there is l i t t le scope for i m p r o v e m e n t th rough the environment . 
Regard ing the a m o u n t of lysine on a f lour basis (Table 9), H D . 2024 and U P . 326 have high 
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Table 4 
Classification of varieties with respect to mean protein content and regression coefficient. 
National trial high fertility — all zones 
Reg. coeff ic ient High ( > 1 . 2 ) Medium (0.8 to 1.2) Low ( < 0 . 8 ) 
P r o t e n con ten t s 
Varie t ies 
Reg. 
coeff i -
cient 
I n d e x of 
residual 
va r ia t ion 
Varie t ies 
Reg. 
coeff i -
cient 
I n d e x of 
res idual 
va r ia t ion 
Variet ies 
Reg. 
coeff i -
cient 
I n d e x of 
residual 
va r i a t i on 
H i g h MP. 85 0.887 1.29 
( > 1 4 . 1 2 ) WG. 377 
U P . 215 
1.050 
1.065 
2.13 
0.93 
Med ium H P . 833 0.937 0.82 W L . 212 0.755 1.19 
(13.49 to 14.12) H D . 2012 
H D . 1941 
H D . 1977 
H D . 1982 
U P . 310 
U P . 328 
1.080 
1.075 
1.041 
1.154 
1.066 
0.830 
0.79 
1.73 
2.08 
0.48 
0.71 
0.53 
Low H D . 1962 1.317 l . i i R a j . 821 0.958 0.48 K . Sona 0.677 0.44 
( < 1 3 . 4 9 ) H P . 916 
H D . 1999 
I S W . 34 
1.122 
1.122 
0.858 
0.56 
1.03 
0.68 
Table 4 
Classification of varieties with respect to mean protein content and regression coefficient. 
Uniform Regional Trial-High Fertility-North Western Plains Zone 
Reg. coefficient H igh ( > 1 . 2 ) Med ium (0.8 to 1.2) Low ( < 0 . 8 ) 
Reg. I ndex of Reg. I n d e x of Reg. I ndex of 
Variet ies coeff i - residual Variet ies coeffi- residual Var ie t ies coeff i - res idual 
Prote in con ten t s c ient va r ia t ion cient va r ia t ion cient var ia t ion 
High R a j . 827 1.252 L.14 H P . 863-4 1.038 1.39 U P . 326 0.844 0.42 
( > 1 3 . 6 2 ) H D . 1925 0.880 1.79 
H D . 2024 0.991 0.86 
U P . 310 0.985 2.14 
U P . 327 1.017 0.61 
Medium WL. 334 1.244 1.05 H D . 1949 1.190 0.65 R a j . 832 0.789 0.76 
(12.62 to 13.63) H D . 1949 1.218 3.14 R a j . 821 0.912 0.72 K. 856 0.505 1.14 
I I D . 1977 1.231 0.76 R a j . 829 1.158 0.67 
U P . 315 0.974 0.93 
U P . 319 1.101 0.47 
U P . 328 1.017 0.35 
W L . 212 1.005 0.44 
W L . 227 1.181 0.69 
W G . 377 0.804 1.77 
Low H D . 2009 0.908 1.61 EA-222-1 0.762 0.44 
( < 1 2 . 6 2 ) H D . 2028 1.059 0.34 
К . Sona 0.994 0.74 
Table 4 
Classification of varieties with respect to mean protein content and regression coefficient. 
Uniform Regional Trial-Loiv Fertility-North Western Plains Zone 
Reg. coefficient High ( > 1 . 2 ) Medium (0.8 to 1.2) Low- ( < 0 . 8 ) 
Reg. I n d e x of Reg. I ndex of Reg. I n d e x of 
Var ie t ies coeffi- res idual Varie t ies coeffi- res idual Var ie t ies coeff i - residual 
Pro te in con ten t c ient va r i a t ion cient va r ia t ion cient va r i a t ion 
H i g h U P . 328 1.300 3.95 H D . 1981 0.986 2.64 H D . 2020 0.671 0.11 
( > 1 1 . 2 5 ) H D . 2021 1.170 0.54 
R a j . 725 1.188 0.36 
U P . 237 1.187 0.25 
U P . 245 1.040 0.27 
W H . 102 1.133 0.18 
Med ium H D . 2037 1.021 1.57 U P . 236 0.662 0.89 
(10.46 to 11.25) R a j . 723 1.055 1.77 W L . 208 0.795 0.13 
(10.46 ro 11.25) W L . 303 1.060 0.28 
К . Sona 0.964 0.41 
Low W H . 101 1.203 .13 С. 306 0.557 2.28 
О 
Table 7 
Classification of varieties with respect to mean protein content and regression coefficient. 
Uniform Regional Trial-Late Sown-North W/estern Plains Zone 
Reg . coeff ic ient 
Prote in con ten t 
High ( > 1 . 2 ) Medium (0.8 t o 1.2) Low ( < 0 . 8 ) 
Variet ies 
Reg. 
coeffi-
c ient 
I n d e x of 
res idual 
va r ia t ion 
Varie t ies 
Reg. 
coeff i -
c ient 
I ndex of 
res idual 
var ia t ion 
Variet ies 
Reg. 
coeff i -
cient 
I n d e x of 
res idual 
va r ia t ion 
High H D . 1941 1.450 0.29 H D . 1925 1.156 0.85 HD. 1977 0.329 1.26 
(>13 .92 ) HD. 1981 1.010 0.92 WL. 334 0.744 0.57 
HD. 2016 0.988 1.45 
Ra j . 832 1.142 1.53 
UP . 332 0.813 .23 
Medium Sonalika 1.284 1.81 HD. i 962 1.008 0.46 
(13.22 to 13.92) R a j . 821 0.888 2.25 
WL. 303 0.853 1.62 
WG. 472 1.170 0.04 
UP . 319 1.056 0.87 
Low WG. 377 1.349 0.23 K. Sona 0.653 1.55 
( < 1 3 . 2 2 ) 
Table 8 
Classification of the varieties with respect to mean lysine content and regression coefficient. 
Uniform Regional Trial-High Fertility-North Western Plains Zone 
Reg. coefficient High ( > 1 . 2 ) Medium (0.8 t o 1.2) Low ( < 0 . 8 ) 
Reg. I ndex of Reg. I ndex of Reg. I n d e x o f 
Varie t ies coeff i - res idual Varie t ies coeff i - res idual Var ie t ies coeff i - res idua l 
Lysine con ten t c ient var ia t ion cient var ia t ion cient v a r i a t i o n 
High EA-222-1 0.405 0.00 
( > 2 . 8 1 ) 
Medium H D . 863-4 1.265 1.50 H D . 2024 0.859 0.50 HD. 2028 0.405 0.00 
(2.63 to 2.81) HD. 1949 1.663 0.50 R a j . 832 0.031 1.00 
HD. 1977 1.611 0.50 UP . 326 0.352 1.00 
R a j . 821 1.304 2.00 UP . 328 0.401 0.00 
U P . 315 1.988 0.00 
U P . 319 1.681 0.50 
W L . 227 1.431 0.00 
К . Sona 1.551 0.50 
R a j . 829 1.243 0.50 
W L . 212 1.213 0.00 
Low W L . 334 1.783 0.50 HD. 1925 0.969 1.0 H D . 2009 0.763 0.5 
( < 2 . 6 3 ) R a j . 827 1.225 1.00 HD. 1941 0.176 0.5 WG. 377 0.066 1.0 
UP. 310 1.198 0.0 K. 856 0.162 0.5 
UP . 327 1.034 0.0 
Table 9 
Classification of varieties with respect to mean lysine content (mg per 100 g dry matter) and regression coefficient. 
Uniform Regional Trial-High Fertility-North Hestern Plains Zone 
Reg. coeff ic ient High ( > 1 . 2 ) Medium (0.8 to 1.2) Low ( < 0 . 8 ) 
Reg. I n d e x of Reg. I ndex of Reg. I ndex of 
Varie t ies coeffi- residual Varie t ies coeffi- res idual Variet ies coeff i - residual 
Lysine con ten t c ien t va r i a t ion cient var ia t ion cient var ia t ion 
High ( > 370 mg) HI) . 2024 1.201 2.10 
U P . 326 1.114 1.52 
Medium HD. 1977 1.283 1.04 H D . 863-4 1.126 1.51 Ra j . 821 0.563 1.25 
(343 to 370 mg) Ra j . 829 1.349 0.51 HD. 1925 0.915 0.29 
UP. 328 1,240 0.35 Ra j . 827 0.863 2.77 
WL. 227 1.300 0.38 Ra j . 832 1.172 0.98 
EA-222-] 0.901 0.68 
U P . 310 0.949 1,38 
UP . 319 0.899 1.48 
WL. 212 1.068 0.19 
Low H D . 1941 1.378 0.63 HD. 2009 1.034 1.59 H D . 1949 0.609 0.39 
( < 3 4 3 mg) H D . 2028 1.259 1.52 UP . 327 0.896 0.44 UP . 315 0.666 0.55 
WL. 334 0.894 1.96 K. 856 0.568 0.34 
WG. 377 0.995 0.59 
K. Sona 0.916 0.64 
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mean va lues wi th near to u n i t y regression, b u t b o t h suffer f rom a h igh index of r e s i d u a l varia-
t ion. The choice, therefore, fal ls u p o n variet ies w i t h medium a m o u n t s of lysine, l ike H D . 1925, 
EA. 2 2 2 - 1 a n d WL. 212. 
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R E L A T I O N S H I P O F E V A P O T R A N S P I R A T I O N W I T H P A N E V A P O R A T I O N 
AND E V A L U A T I O N O F C R O P C O E F F I C I E N T 
Soil mois ture u t i l i sa t ion in a cropped f ie ld is a resull of severa l interact ions , of which 
the wea the r pa rame te r s (PRUITT 1960), the crop a n d its growth s t ages (PRASHAR — SINGH 1963) 
are k n o w n to be impor t an t . Whi le the weather p a r a m e t e r s have a domina t ing in f luence on the 
r a t e of mois tu re use per d a y fo r a given crop, t h e growth stages of t h e crop seem to have a 
mod i fy ing ef fec t . In the e s t ima t ion of the évapo t ransp i ra t ion of c rops under d i f ferent irr igation 
pro jec ts in Ind ia , the use of E t / E o rat ios a t d i f fe ren t growth s tages has been advoca t ed 
(ANONYMOUS 1971) and one such est imation fo r t h e Nagar junasaga r pro jec t has r e c e n t l y been 
compu ted (ANONYMOUS 1975). I n India several s tudies have been repor ted on E t / E o ratios 
for whea t a n d other crops (PRASHAR —SINGH 1963, SINGH 1968). A m o n g the empir ica l estima-
tions of consumpt ion , the B l a n e y Criddle f o r m u l a has been widely used and the c rop coeffi-
cient (K) is regarded as a crucial pa ramete r , t o be est imated t h r o u g h exper imen ta t ion (JENSEN 
1966, ERIE et al. 1968). 
D a t a for the purpose of comput ing E t / E o ra t ios and the crop coefficient ( K ) h a v e been 
d rawn f r o m the stat ist ical s tud ies conducted be tween 1969 a n d 1975, which inc luded four 
expe r imen t s on wheat , three on sorghum, two e a c h on groundnut , sesame, saff lower , m u s t a r d , 
sunf lower , soy bean and cas tor , and one each on corn , pearl millet , c o t t o n and ch ickpea crops. 
All these crops were raised du r ing the winter season, except t h e sorghum and p e a r l millet, 
which were raised during t he summer . There w a s no ground wa te r cont r ibu t ion on a n y of the 
expe r imen ta l sites. 
T h e évapo t ransp i ra t ion of these crops w a s est imated b y t h e gravimetr ic m e t h o d by 
t ak ing samples before and a f t e r irrigation u p t o a depth of 60 c m in three layers consist ing 
of 0—15 cm, 15 — 30 cm a n d 30— 60 cm. T h e crop coefficient f a c t o r (K) was e s t i m a t e d for 
4* Acta Agronomica Academiae Scientiarum Hungaricae 27, 197ft 
1 0 8 V A R I A 
Table 1 
Periodical Et/Eo ratios of different crops 
Crop age 
in days 
November 
Wheat Corn Groundnut Sesame Safflower 
0 - 15 0.62 0 . 6 2 0 . 4 9 0 .61 
1 5 - 30 0 .70 0 .71 0 . 6 1 0 . 5 7 0.62 
3 0 - 45 0 .77 0 .78 0 . 7 2 0 . 6 2 0 .64 
4 5 - 60 0 .81 0 .80 0 . 6 5 0 . 7 1 0.62 
6 0 - 75 0 .77 0 .89 0 . 7 8 0 . 7 9 0 .68 
7 5 - 90 0 .53 0.82 0 . 6 8 0 . 6 2 0.66 
9 0 - 1 0 5 — 0.50 0 . 5 1 0 . 4 1 0.37 
1 0 5 - 1 2 0 — 0 .53 0 . 4 1 — 0.33 
1 2 0 - 1 3 5 
-
-
0 . 3 8 
— 
0.30 
Seasona l values 0.72 0 .71 0 . 6 0 0 . 6 0 0 .54 
w h e a t , corn, s o r g h u m and pearl m i l l e t using the B l a n e y Criddle f o r m u l a ( U = Kf) . P a n 
e v a p o r a t i o n was m e a s u r e d f r o m a n e a r b y obse rva to ry l o c a t e d wi th in t h e c a m p u s . The v a l u e s 
of E t / E o and t h e К f a c t o r are g iven w i t h respect to t h e o p t i m u m m o i s t u r e regime for e a c h 
of t he se crops. 
Table 1 shows t h e d a t a on E t / E o r a t i o s of 13 c rops g r o w n be tween N o v e m b e r and Apr i l . 
The seasonal E t / E o ra t ios of c o r n and wheat c r o p s were the h i g h e s t , w i th more t h a n 
0 . 7 u n d e r o p t i m u m soil mois ture r e g i m e s . These ra t ios r a n g e d be tween 0 .60 t o 0.62 for c a s t o r , 
c o t t o n , sunflower , s e s a m e and g r o u n d n u t , while they w e r e b e t w e e n 0.54 a n d 0.60 for s o r g h u m , 
p e a r l millet, s a f f l o w e r , t nus t a rd , s o y b e a n a n d chickpea c r o p s . The E t / E o r a t i o s in re la t ion t o 
t h e crop growth s t a g e s h a v e shown m a r k e d differences in al l these crops. T h e highest ra t io w a s 
o b s e r v e d be tween 45 t o 60 days w i t h r e spec t to w h e a t (0 .81) , pearl mi l l e t (0.75), sun f lower 
(0 .74) , mus ta rd a n d s o y b e a n (0.73) c r o p s , while it w a s b e t w e e n 60 and 76 d a y s wi th r e spec t 
t o corn (0.89), s e s a m e (0.79), g r o u n d n u t (0.78), so rghum (0.72) , sa f f lower (0 .68) and ch i ckpea 
(0 .67) . However , t h e c o t t o n and c a s t o r c rops exhib i ted a p e a k ra t io b e t w e e n 30 and 45 d a y s 
r a n g i n g f rom 0.71 t o 0.78 r e spec t ive ly . I n general sho r t d u r a t i o n crops s h o w e d an early p e a k 
in t h e E t / E o r a t i o s c o m p a r e d t o c r o p s of relat ively l o n g e r du ra t i on , w i t h t h e except ion of 
c o t t o n and cas tor . S imi l a r ra t ios of a b o u t 0.8 to 0.84 w e r e r epor t ed b y PRUITT (1960, 1964, 
1 9 6 6 ) a n d MCILORY—ANGUS ( 1 9 6 4 ) . 
Table 2 s h o w s t h e К fac tor f r o m t h e Blaney Cr idd le fo rmu la w i t h r e s p e c t to four c rops . 
The crop coe f f i c i en t (K) s h o w e d var ia t ions a t d i f f e r e n t g rowth s t a g e s similar to t h a t 
of t h e E t / E o r a t io . T h e seasonal К f a c t o r for d i f fe ren t c r o p s var ied b e t w e e n 0.62 and 0 .74 . 
T h e s e t rends are in a g r e e m e n t w i t h t h e va lues of 0.87 f o r so rghum a n d 0 .99 for wheat u n d e r 
A r i z o n a (USA) c o n d i t i o n s (ERIE et al. 1968). As conc luded b y PRUITT (1966) , such E t / E o r a t i o s 
of c rops are l ikely t o h e usefu l as a p r a c t i c a l tool for e s t i m a t i n g the seasona l é v a p o t r a n s p i r a t i o n 
w h e r e the pan e v a p o r a t i o n da ta a re ava i l ab l e . 
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between November and April 
J a n u a r y sowing 
Mus ta rd S u n f l o w e r Soybean Castor C o t t o n Chickpea S o r g h u m Pear l m i l l e t 
0.44 0.63 0.45 0.74 0.81 — 0.47 
0.50 0.65 0.55 0.72 0.69 11.6(1 0.45 0.43 
0.63 0.68 0.59 0.78 0.71 0.50 0.61 0.61 
0.73 0.74 0.73 0.69 0.62 0.53 0.67 0.73 
0.53 0.62 0.60 0.59 0.62 0.67 0.72 0.51 
0.45 0.52 0.49 0.45 0.55 0.51 0.66 — 
— 
0.39 
-
0.36 0.47 0.36 0.46 
— 
— — — — 
0.32 
— — — 
0.55 0.60 0.57 0.62 0.60 0.57 0.56 0.57 
Table 2 
Fortnightly computed crop coefficient values (Blaney Criddle К values) 
for uheat, corn, sorghum and pearl millet 
Crop age in 
days 
November sowing J a n u a r y sowing 
Whea t C o r n Sorghum P e a r l mi l ie t 
0 - 15 0.52 0.55 0.42 „ 
1 5 - 30 0.57 0.61 0.49 0.50 
3 0 - 45 0.65 0.62 0.61 0.81 
4 5 - 60 0.79 0.64 0.81 0.93 
6 0 - 75 0.70 0.92 0.69 0.73 
7 5 - 90 0.48 0.81 0.71 — 
9 0 - 1 0 5 — 0.61 0.69 — 
1 0 5 - 1 2 0 
-
0.60 
- — 
Seasonal values 0.62 0.67 0.68 0.74 
* 
Prepared a t t h e Depar tmen t of Agronomy, A. P . Agricultural Un ive r s i ty , H y d e r a b a d , 
A . VENKATACHARI, K . A . R E D D Y 
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F I V E Y E A R S ' R E S U L T S OF I N V E S T I G A T I O N S I N T O P O W D E R Y 
M I L D E W I N W H E A T AT M A R T O N V Ä S Ä R (1971 — 1975). I I I . 
E X A M I N A T I O N O F R E S I S T A N C E IN V A R I E T I E S 
E v e r s ince the sixties p o w d e r y mildew i n f e c t i o n in w h e a t h a s occurred to a g r e a t e r or 
lesser e x t e n t e v e r y year in H u n g a r y . This has m a d e it necessary t o examine the poss ib i l i t i e s 
of control . O n e possible m e t h o d is t o produce r e s i s t a n t var iet ies a n d in t roduce t h e m i n t o com-
mercial p r o d u c t i o n . This r e q u i r e s a thorough k n o w l e d g e of t h e r e s i s t ance of the v a r i e t i e s to 
the p a t h o g e n popu la t ion a n d t o i t s different r a c e s . 
I t is a f a c t well k n o w n f r o m the l i t e ra tu re t h a t somet imes t h e s a m e var ie ty is c o n s i d e r e d 
to be r e s i s t a n t b y one a u t h o r arid susceptible b y a n o t h e r . This c a n be p a r t l y exp l a ined b y the 
possibly v a r y i n g race compos i t i on of the p a t h o g e n p o p u l a t i o n in t h e coun t r i es where t h e a u t h o r s 
carried o u t t h e i r inves t iga t ions . This sort of c o n t r a d i c t i o n occurs less f r equen t ly w h e n the 
resistance of var ie t i es to races is examined . I n f o r m a t i o n on the r e s p o n s e s given by w h e a t var ie-
ties to i n fec t ion by var ious p o w d e r y mildew r a c e s can he o b t a i n e d f r o m works b y NOVER— 
LEHMANN ( 1 9 6 4 ) , LEIJERSTAM ( 1 9 6 5 ) , SIIMILYAKOVITS ( 1 9 6 6 ) , SZUNICS — SZUNICS ( 1 9 7 0 ) , 
M RÁZ ( 1 9 7 1 ) , JORGENSEN J E N S E N (1972) , KUNOVSKY et al. ( 1 9 7 3 ) a n d SZUNICS ( 1 9 7 6 ) . 
P o w d e r y mildew w a s col lected from v a r i o u s var ie t ies sown on the e x p e r i m e n t a l area . 
The races w e r e ident i f ied b y t h e m e t h o d of NOVER (1957). The v a r i e t i e s examined were raised 
in wooden b o x e s unde r glass i so la t ion cabinets . T h e p lan t s were i n f e c t e d with each r a c e of the 
pa thogen s e p a r a t e l y before t h e second leaf a p p e a r e d , then 10 —12 d a y s af ter the i n o c u l a t i o n 
the type a n d p e r c e n t a g e o f t h e infect ion were e s t ab l i shed . D u r i n g t h e exper iment t h e t e m p e r -
a ture was b e t w e e n 16 and 20°C, and the r e l a t ive h u m i d i t y of t h e a i r ranged f rom 50 t o 9 0 % . 
A s u p p l e m e n t a r y i l l umina t ion of 4000 lux was p r o v i d e d for n ine h o u r s a day. 
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The d a t a o b t a i n e d are p resen ted in tables . The t y p e of infect ion fo r a few p lan t s of ce r -
t a i n var ie t ies whose d a t a differ m a r k e d l y f r o m the a v e r a g e is given in b r a c k e t s . I n some p l aces 
in t h e column for t h e t y p e of in fec t ion t w o figures a r e g i v e n (e.g. 1 — 4), i nd ica t ing t h a t t h e 
va r i e t i e s in ques t ion do not react u n i f o r m l y to in fec t ion b y t h e given races . 
The whea t v a r i e t i e s grown a t p r e s e n t in H u n g a r y a r e susceptible t o m o s t of the p o w d e r y 
mi ldew races e x a m i n e d . This applies t o t h e H u n g a r i a n (Table 1) and p a r t l y to the S o v i e t 
va r i e t i e s (Table 2). T h e G D I ! samples , Neuzuch t a n d R P G 14/44 (NOVER 1957), d e r i v e d 
f r o m crossing w h e a t w i t h rye were r e s i s t a n t to cer ta in r a c e s and suscept ib le t o others . Of t h e 
var ie t i es or ig inat ing f r o m England s o m e arc res is tant , s o m e become i n f e c t e d to a g rea te r or 
lesser ex ten t by c e r t a i n races, and o t h e r s are suscep t ib le (Table 3). I n t h e genealogy of T P 
114/65A T. timopheevi is present , in t h a t of T P 226 7'. carthlicum and in T P 309/A T. dicoccum 
(SIIMILYAKOVITS 1 9 6 6 , W O L F E 1 9 6 7 , L E I J E R S T A M 1 9 7 2 , J O R G E N S E N J E N S E N 1 9 7 2 , J A K U B T S I -
N E R 1 9 7 4 ) . 
Of the A m e r i c a n variet ies A r t h u r , and of the Y u g o s l a v var ie t ies S a v a proved to b e 
r e s i s t a n t . Moisson a n d Libel lula were f o u n d to be s u s c e p t i b l e t o all races b u t No. 14 (Table 4). 
The 28 v a r i e t i e s l isted in t h e p a p e r can be d i v i d e d in to four g r o u p s on the basis of 
r e s i s t ance at the g e r m stage: 
1. Variet ies suscep t ib l e to all r aces . Most of t h e v a r i e t i e s commerc ia l ly grown in H u n -
g a r y can be p laced in th is group: F e r t ő d i 293, G K F - 2 , Mar tonvásá r i 1, Mar tonvásá r i 3, 
Hezos t aya 1, R a n n y a y a 12 and M i r o n o v s k a y a - J u b i l e i n a y a 50. Bánkú t i 1201, F l e i s chmann 481, 
O d e s s k a y a 51 and S t u r d y m a y also be ment ioned here . 
2. Variet ies w h i c h m a y be r e g a r d e d as a p o p u l a t i o n f r o m the po in t of v iew of res i s tance . 
T h e y do not give d e f i n i t e responses t o t h e d i f ferent races . Al l t ypes f rom r e s i s t a n t to suscep t ib le 
c a n be found a m o n g t h e m . T P 226 a n d A t l a s 66 are e x a m p l e s of such va r i e t i e s . 
3. Variet ies r e s i s t a n t to some r a c e s and suscep t ib le t o others. VAN DER PLANK (1968) 
cal ls th is p h e n o m e n o n ver t ical r e s i s t ance . This g roup inc ludes Avrora , K a v k a z , N e u z u c h t , 
R P G 14/44 and Z l a t n a Dolina. A r t h u r , T P 114/65A a n d S a v a are wor thy of separa te m e n t i o n 
s ince they are p r ac t i c a l l y res is tan t to all b u t two races, a n d a r e t h u s sui table f o r use in r e s i s t ance 
b r eed ing . 
4. Variet ies r e s i s t a n t to all r aces a re seldom f o u n d . T h e strains T P 309/A and T P 315/2 
p r o v e d to be r e s i s t a n t t o the 14 races examined and , a s res is tance f ac to r s , m a y he v a l u a b l e 
crossing pa r tne rs in b reed ing . 
Our resul t s c o n f i r m the o b s e r v a t i o n made by GAUMANN (1954), STAKMAN — HARRAR 
(1957), STEPANOV (1962) and KIRÁLY (1969) t h a t r e s i s t ance is a relat ive concep t ion r a t h e r t h a n 
a un iversa l p r o p e r t y of t h e var ie ty , s ince it is only d i s p l a y e d against c e r t a in races. 
All in all. it c a n be es tabl ished t h a t the wheat v a r i e t i e s grown at p r e s e n t do not p r o v i d e 
suf f ic ien t p ro tec t ion aga ins t damage caused by p o w d e r y mi ldew. A m o n g t h e foreign va r i e t i e s 
t h e i e are some w h i c h a re less suscept ib le or even r e s i s t a n t , b u t in t roduc ing t h e m into c o m m e r -
cia l p roduc t ion u n d e r H u n g a r i a n c o n d i t i o n s would i n v o l v e considerable r i sk since t hey h a v e 
a n u m b e r of u n f a v o u r a b l e charac te r i s t i cs . 
For this r e a s o n it is impe ra t i ve to produce r e s i s t a n t varieties. S o m e of the va r i e t i e s 
d i scussed could he u s e d in breeding as res is tant basic m a t e r i a l . 
P repared a t t h e Agr icul tura l R e s e a r c h Ins t i tu te of t h e Hungar i an A c a d e m y of Sciences , 
M a r t o n v á s á r . 
L . SZUNICS, L . SZUNICS 
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T a b l e 1 
Infection of Hungarian wheal varieties 
Races 
Varieties 
Bánkút i 1201 Fle isehmann 481 Fertődi 293 
infection infection infect ion 
type Jo t y p e % type % 
0 3 - 4 9 8 . 3 3 - 4 9 1 . 5 3 - 4 8 7 . 6 
2 4 9 6 . 0 3 — 4 1 0 0 . 0 3 - 4 ( 1 ) 9 2 . 9 
3 3 - 4 7 8 . 3 3 — 4 7 5 . 5 3 5 2 . 1 
4 4 9 0 . 6 3 1 0 0 . 0 3 - 4 ( 0 ) 6 7 . 6 
7 4 8 6 . 0 4 9 4 . 5 3 - 4 ( 1 ) 7 7 . 2 
9 3 - 4 6 7 . 2 2 8 7 . 5 3 7 3 . 6 
1 3 3 9 1 . 3 3 — 4 8 3 . 0 3 - 4 ( 1 ) 6 0 . 2 
1 4 3 4 7 1 . 4 3 4 6 2 . 0 3 - 4 ( 1 ) 7 1 . 4 
1 8 4 9 4 . 6 4 1 0 0 . 0 4 9 3 . 7 
2 1 3 4 6 . 0 3 3 7 . 7 3 - 4 ( 0 ) 3 6 . 3 
2 7 4 1 0 0 . 0 3 - 4 1 0 0 . 0 3 - 4 9 5 . 7 
3 0 3 - 4 9 4 . 5 3 8 8 . 0 2 7 9 . 1 
4 6 3 - 4 6 7 . 3 3 - 4 9 8 . 3 3 - 4 ( 0 ) 7 8 . 3 
5 2 3 - 4 7 6 . 0 3 - 4 6 9 . 3 3 - 4 ( 1 ) 7 0 . 4 
T a b l e 2 
Infection of S o v i e t wheat varieties 
Varieties 
Races 
Bezostaya i R a n n y a y a 12 Avrora 
infection infect ion infect ion 
type % t y p e % type % 
0 3 - 4 5 1 . 3 3 - 4 5 7 . 3 1 ( 0 ) 1 1 . 3 
2 3 - 4 1 0 0 . 0 3 - 4 1 0 0 . 0 3 - 4 1 0 0 . 0 
3 3 4 7 0 . 9 4 6 8 . 3 1 ( 0 ) 0 . 8 
4 3 - 4 9 3 . 0 3 - 4 9 8 . 5 3 - 4 9 7 . 1 
7 3 - 4 8 7 . 7 1 8 3 . 5 1 2 . 9 
9 4 3 3 . 1 4 4 3 . 3 3 - 4 1 7 . 6 
1 3 3 - 4 7 8 . 1 3 — 4 7 3 . 0 1 ( 0 ) 0 . 1 
1 4 2 2 0 . 0 3 - 4 5 3 . 6 0 0 . 0 
1 8 4 9 6 . 9 4 9 7 . 7 1 ( 0 ) 1 . 3 
2 1 3 3 3 . 8 3 - 4 4 0 . 0 0 - 1 0 . 4 
2 7 3 - 4 1 0 0 . 0 3 - 4 1 0 0 . 0 3 - 4 9 5 . 0 
3 0 2 - 3 8 6 . 2 2 - 3 8 7 . 0 1 ( 0 ) 0 . 9 
4 6 3 - 4 6 1 . 7 3 - 4 7 2 . 7 1 1 . 7 
5 2 4 7 0 . 8 3 - 4 ( 0 ) 4 0 . 0 3 - 4 2 8 . 7 
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by various powdery mildew races 
Kiszombori 1 G K F - 2 Martonvásár i 1 Martonvásári 3 
infect ion infect ion infection infection 
type % type % t y p e % type % 
3 - 4 9 0 . 7 3 - 4 91 .4 3 - 4 4 2 . 2 3 4 7 . 3 
3 9 5 . 0 3 100 .0 3 - 4 100 .0 3 - 4 1 0 0 . 0 
3 - 4 7 5 . 3 4 75 .4 4 7 2 . 0 4 9 2 . 0 
3 - 4 9 3 . 3 3 - 4 91 .4 3 — 4 100 .0 3 - 4 1 0 0 . 0 
3 - 4 9 0 . 6 4 91 .6 4 6 1 . 8 3 - 4 8 1 . 4 
3 - 4 7 8 . 0 3 - 4 50 .7 3 - 4 30 .0 3 - 4 3 2 . 9 
3 - 4 ( 1 ) 6 0 . 8 3 ( 0 ) 4 2 . 0 3 6 1 . 0 3 - 4 6 1 . 0 
2 1 6 . 5 2 - 3 35 .8 1 — 3 4 6 . 4 3 4 6 . 9 
4 9 7 . 0 4 50 .8 3 - 4 71 .4 4 8 5 . 3 
3 3 4 . 5 4 37 .5 4 35 .0 4 2 5 . 3 
3 - 4 1 0 0 . 0 3 - 4 96 .4 3 - 4 100 .0 3 - 4 1 0 0 . 0 
2 8 3 . 8 3 - 4 86 .6 2 - 3 7 8 . 8 2 - 3 7 0 . 6 
3 - 4 8 8 . 0 3 - 4 9 5 . 3 3 6 4 . 6 3 - 4 7 6 . 0 
4 5 4 . 0 4 66 .6 4 100 .0 4 1 0 0 . 0 
by various powdery mildew races 
K a v k a z Mironovskaya 808 Mironovskaya . Jubileinaya 50 Odesskaya 51 
infect ion infect ion infection infection 
type % t ype % t y p e % type % 
1 - 2 4 . 8 3 - 4 93 .5 3 - 4 8 1 . 8 3 - 4 8 8 . 4 
3 - 4 1 0 0 . 0 3 - 4 100 .0 3 — 4 100 .0 3 - 4 1 0 0 . 0 
1(0) 0 .2 3 - 4 ( 1 ) 72 .7 4 7 4 . 5 4 7 0 . 0 
3 - 4 9 3 . 8 3 - 4 9 3 . 3 3 - 4 9 7 . 5 4 8 8 . 0 
0 - 1 0 . 9 3 - 4 9 1 . 3 3 - 4 8 4 . 2 4 7 0 . 7 
4 2 5 . 0 4 33 .4 3 — 4 6 2 . 7 3 - 4 6 1 . 4 
1(0) 0 . 1 3 (2 ) 38 .0 3 7 3 . 8 3 5 5 . 0 
0 0 . 0 2 36 .4 3 6 8 . 0 3 3 2 . 6 
0 - 1 0 . 6 4 94 .0 4 9 2 . 7 4 9 0 . 0 
0 - 1 0 .2 4 27 .0 4 3 8 . 8 4 2 0 . 4 
3 9 8 . 3 3 - 4 100 .0 3 - 4 1 0 0 . 0 3 - 4 1 0 0 . 0 
1 - 2 ( 0 ) 1 3 . 3 3 8 4 . 1 2 ( 3 ) 8 0 . 1 3 9 1 . 4 
1(0) 0 . 4 3 - 4 9 3 . 3 3 9 1 . 4 3 - 4 9 0 . 0 
4 7 4 . 0 4 7 4 . 6 4 5 3 . 0 4 7 4 . 0 
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Table 3 
Infection of English and GDR wheat varieties 
Var ie t ies 
Races 
T P 114/65A T P 226 TP 309/А 
infection in fec t ion infection 
t y p e % type 0/ /0 t ype % 
0 0 0 . 0 1 - 2 ( 0 ) 6 1 . 8 0 0 . 0 
2 0 - 2 0 . 5 3 - 4 ( 0 ) 7 3 . 9 0 - 1 0 . 2 
3 0 — 1 0 . 3 4 ( 1 ) 4 1 . 5 0 ( 1 ) 0 . 1 
4 0 - 1 ( 4 ) 2 . 7 4 ( 0 ) 6 4 . 0 0 0 . 0 
7 3 - 4 8 5 . 3 0 ( 1 ) 0 . 1 
9 4 ( 0 ) 3 5 . 1 4 ( 1 ) 3 7 . 7 0 0 . 0 
1 3 0 ( 2 ) 0 . 1 0 - 2 1 4 . 0 0 0 . 0 
14 0 - 3 3 . 8 0 0 . 0 
18 3 - 4 7 5 . 7 0 0 . 0 
2 1 0 - 1 0 . 2 4 2 7 . 5 0 - 3 0 . 5 
2 7 0 , 3 , 4 4 3 . 0 0 - 1 ( 4 ) 6 . 4 
3 0 1 — 2 3 . 9 3 - 4 ( 0 ) 6 6 . 6 0 0 . 0 
4 6 0 — 2 0 . 8 3 - 4 7 6 . 9 0 0 . 0 
5 2 3 — 4 5 3 . 3 4 7 2 . 0 0 0 . 1 
Table 4 
Infection of American. French, Yugoslav and Italian 
Var ie t i e s 
Races 
Atlas 66 A r t h u r Sturdy 
infection in fec t ion infection 
t y p e 0/ /О type % t y p e % 
0 3 - 4 ( 0 ) 7 5 . 0 0 - 1 0 . 2 4 6 4 . 6 
2 3 - 4 1 0 0 . 0 0 - 4 5 . 7 3 - 4 1 0 0 . 0 
3 1 - 2 2 9 . 3 0 ( 1 ) 0 . 1 4 7 4 . 0 
4 1 - 4 6 0 . 4 0 3 8 . 6 3 - 4 ( 1 ) 9 0 . 0 
7 1 - 2 ( 0 ) 4 0 . 2 0 ( 1 ) 0 . 2 4 9 6 . 9 
9 2 - 4 4 6 . 3 1 - 2 ( 0 ) 4 . 1 3 - 4 6 0 . 0 
1 3 2 2 5 . 0 1 ( 0 ) 0 . 8 3 ( 0 ) 4 . 7 
14 1 - 2 ( 3 ) 2 1 . 8 0 - 1 0 . 5 1 - 3 2 . 2 
18 1 — 2 6 2 . 6 1 ( 0 ) 1 . 5 3 - 4 8 2 . 6 
2 1 4 1 4 . 8 1 3 . 5 0 - 2 4 . 4 
2 7 3 9 2 . 0 1 - 2 ( 0 ) 4 . 4 3 - 4 7 2 . 8 
3 0 3 9 4 . 1 1 - 3 3 3 . 4 3 9 8 . 6 
4 6 3 — 4 ( 0 ) 8 4 . 6 0 - 1 4 . 6 3 - 4 9 6 . 0 
5 2 3 — 4 5 4 . 2 2 - 3 ( 0 ) 3 5 . 1 4 7 2 . 7 
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bv various powdery mildew races 
T P 315/2 TL 340/15 Neuzuch t R P G 14/44 
infection infection infection infect ion 
t y p e % type % type % type % 
0 0 . 0 3 — 4 6 0 . 0 0 - 1 ( 2 ) 6 . 7 0 - 1 3 . 0 
0 0 . 0 3 - 4 9 5 . 7 4 8 9 . 2 3 - 4 7 8 . 5 
0 0 . 0 3 6 1 . 4 0 ( 1 ) 0 . 4 0 - 1 0 . 2 
0 0 . 0 3 9 6 . 0 3 - 4 8 4 . 4 3 - 4 9 3 . 0 
0 0 . 0 3 - 4 7 2 . 3 0 - 1 1 . 3 0 - 1 0 . 3 
0 0 . 0 3 - 4 7 0 . 8 4 5 2 . 1 4 3 0 . 8 
0 0 . 0 2 3 6 . 7 0 - 1 0 . 8 0 - 1 0 . 1 
0 0 . 0 2 - 3 ( 0 ) 1 5 . 5 0 0 . 0 0 0 . 0 
0 0 . 0 4 8 0 . 9 1 ( 0 ) 1 . 1 0 - 1 ( 2 ) 3 . 0 
0 0 . 0 4 1 7 . 7 1 , 2 , 4 1 1 , 0 4 1 7 . 7 
0 0 . 0 3 4 1 0 0 . 0 4 7 0 . 0 3 4 8 3 . 3 
0 0 . 0 1 - 3 8 7 . 5 0 - 1 1 . 0 0 0 . 0 
0 0 . 0 3 - 4 8 9 . 2 1 - 2 1 . 7 0 1 0 . 1 
0 0 . 0 3 4 9 2 . 0 4 8 8 . 7 4 7 1 . 8 
wheat varieties by various powdery mildew races 
Moisson Sava Zlatna Dolina Libellula 
infection infection infect ion infect ion 
t y p e % type % type % type % 
4 8 9 . 1 1 ( 0 ) 1 1 . 1 1 ( 3 ) 3 7 . 6 3 - 4 6 9 . 0 
4 1 0 0 . 0 0 — 1 2 . 1 2 ( 0 ) 9 . 2 4 7 7 . 1 
3 - 4 6 7 . 7 0 0 . 0 0 0 . 0 3 5 8 . 5 
3 - 4 9 2 . 7 1 ( 0 . 2 ) 2 7 . 6 1 ( 3 ) 3 4 . 2 1 - 2 3 1 . 8 
4 8 8 . 4 0 ( 1 ) 0 . 1 0 - 1 1 . 9 3 - 4 ( 1 ) 6 5 . 0 
3 - 4 5 5 . 7 1 ( 0 . 4 ) 7 . 2 1 - 2 2 1 . 3 3 4 6 . 8 
3 — 4 7 5 . 3 0 - 2 7 . 0 1 2 4 . 9 1 2 3 0 . 7 
1 - 2 ( 0 ) 1 . 4 0 0 . 0 0 - 1 0 . 6 0 - 1 ( 2 ) 0 . 8 
4 9 0 . 7 0 - 2 4 . 9 1 1 8 . 4 1 - 2 7 3 . 3 
4 3 5 . 4 0 ( 1 ) 0 . 1 0 - 1 1 . 3 4 3 0 . 3 
3 - 4 6 1 . 6 1 2 . 8 1 2 2 . 0 3 - 4 6 6 . 0 
3 4 5 8 . 0 0 - 1 0 . 4 1 - 3 3 0 . 8 2 4 8 . 4 
4 6 7 . 1 0 - 1 0 . 4 0 - 1 5 . 1 4 8 0 . 0 
4 5 0 . 6 0 - 2 4 . 3 0 - 2 4 . 2 3 - 4 5 5 . 1 
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T H E I N F L U E N C E OF R E S T R I C T E D F E E D I N G ON EGG P R O D U C T I O N , 
F E R T I L I T Y , H A T C H ABILITY A N D VIABILITY O F D A N D A R A W I L A Y E R S 
Quanti tat ive food restriction t r ia ls have been widely used to reduce the cost of feeding 
and /o r to improve l ay ing performance. Restr ic ted feeding dur ing the rearing period may result 
in increased egg p roduc t ion and feed efficiency, bu t may delay sexual m a t u r i t y and increase 
t he susceptibility to disease during the rear ing period (LEE et al. 1971a, b). HOLLAND—GOWE 
(1961) believe t ha t it ac t s as a mild stress which s t imula tes greater development of the endo-
crinci glands and the bi rd responds dur ing the laying period by achieving a higher production 
a n d greater resistance to environment stress. 
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Feeding m e d i u m weight l aye r s to appet i te is no t just if iable, hence hens can r e g u l a t e 
their body we igh t on a controlled feeding system w i t h o u t affecting egg product ion (QUISEN-
BERRY et al. 1974). WELLS (1974) de termined the f o o d consumption b e t w e e n 38 and 40 weeks 
of age, then held i t constant a t t h a t level till the age of 76 weeks. H e f o u n d tha t the level of 
restrict ion ach ieved was about 10 12%, hence consumpt ion was increased by the fu l l - f ed 
layers. SUPRAMANIAM (1974) observed tha t when g r o w t h has s topped and egg p r o d u c t i o n 
slowly falls off a f t e r its peak, t h e food intake r e m a i n s fair ly steady. T h e apparen t su rp lus of 
food consumed a p p e a r s to he used in the deposition of f a t in the a b d o m e n and the liver, w h i c h 
may result in t h e depression of egg product ion and ra ises mortal i ty . 
The presen t s tudy w as carr ied out to compa ie t h e performance a n d viabili ty of fu l l - fed 
and restr icted-fed Dandarawi pul le t s . 
240 D a n d a r a w i pullets a t 36 weeks of age, p lus 24 Rhode Is land R e d cocks at 50 weeks 
of age were equa l l y divided into 3 t r ea tmen t s wi th t w o groups in each . T1 was ful l -fed a n d 
considered as a con t ro l , T2 was res t r i c ted to 85% a n d T 3 was restr icted t o 7 5 % of the con t ro l . 
Birds of all g r o u p s were adequa te ly fed on the same diet before the beg inn ing of the e x p e r i -
ment , which l a s t ed for 14 weeks. D u r i n g the expe r imen ta l period, all g r o u p s were fed t he s a m e 
diet , the f o r m a t i o n of which is p resen ted in Table 1. T h e birds in t r e a t m e n t T1 were fed ad 
libitum, their w reekly consumption was measured and t h e predetermined f r a c t i o n of this a m o u n t 
was fed to the res t r i c ted flocks in t h e following week as a daily food al lowance. The food con-
sumption of each cock was e s t ima ted as 3/2 of hen consumpt ion in t he same pen. 
The pu l l e t s were weighed a t t he beginning a n d end of the expe r imen ta l period and m o r -
ta l i ty was r eco rded . Layers were t r apenes ted and t he i r eggs were weighed daily. 
A t e n - d a y collection of s e t t a b l e eggs was i n c u b a t e d a t the beg inn ing of the e x p e r i m e n t 
and at the end of each month for fe r t i l i ty and h a t c h a b i l i t y est imates. T h e specific g r a v i t y of 
t he eggs was m e a s u r e d on the same occasions, bu t u s i n g newly laid eggs of two days col lect ion. 
They were given scores (0— 8) according to TJSDA r a n d o m sample tes t t ab le s (1969), the h i g h e r 
t he score, the t h i cke r the shell. 
Food a n d metabolised energy consumption, p r o t e i n and calcium i n t a k e of each hen pe r 
d a y were e s t i m a t e d . The egg p r o d u c t i o n ra te was e s t i m a t e d on the basis of hen-day p e r c e n t a g e 
and feed convers ion efficiency as g r a m s of feed per g r a m of eggs. Gross energetic e f f ic iency 
was est imated according to SUPRAMANIAM (1974) as fol lows 
g eggs produced X 1.66 
X L 0 0 . 
g feed consumed X К cal /g feed 
Analysis of var iance was p e r f o r m e d on the r ep l i ca t e da ta , those expressed in p e r c e n t a g e 
below 30 or above 70 were first t r a n s f o r m e d to arc sin | percentage as ou t l ined in SNEDECOR— 
COCHRAN ( 1 9 6 7 ) . 
Body weight and mortality. As evidenced by T a b l e 2, body weight loss was s igni f icant ly 
higher in the g r o u p which was res t r i c ted to 75% of t h e full-fed group. Al though the m e a n s of 
initial body weight did not differ s ignif icantly among t h e three groups, T2 lost 157 grains a n d 
T 3 lost 214 g r a m s compared with 40 grams for T1 t h r o u g h o u t the 14 weeks of the expe r imen ta l 
period. This r e su l t contradicts t h a t of ABOUL-SEOD el al. (1970), who found no s ign i f ican t 
differences in b o d y weight be tween full-fed and res t r ic ted- fed (85 a n d 7 0 % ) Fayoumi a n d 
R . I. R. hens. 
The m o r t a l i t y percentage (Table 2) was a t t h e lowest level ( 1 . 1 % ) in the group w h i c h 
received 85% of t h e full-fed g roup , h u t did not d i f f e r significantly f r o m t h a t of the c o n t r o l 
group (2.2%). M o r t a l i t y increased significantly in T 3 where it reached 11 .4%. QUISENBERRY 
et al. (1974) f o u n d t h a t morta l i ty w a s not affected w h e n a well balanced med ium densi ty d i e t 
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Table I 
The composition of the basic ration 
Yellow corn j 
Wheat bran 
Decorticated cot tonseed meal 
Protelan 
Rice bran 
Blood meal 
1 Milestone 
Common salt 
Mineral mix 1 
Vitamin mix 2 
Calculated analysis3 
Metabolizable energy (Kcal/1 kg) 
Crude protein ( % ) 
C/P ratio 
Calcium ( % ) 
40.5 
20 
10 
10 
10 
3 
5.5 
0.5 
0.4 
0.1 
2538 
16.3 
155.6 
2.175 
' E a c h k g contains: 990.15 g sodium chloride, 6.08 g ferrous su lphate , 1.98 g ferr ic sul-
phate, 0.99 g, potassium chloride, 0.20 g copper oxide, 0.2 g, manganese sulphate, 0.1 g zinc 
oxide 
2
 V i t amin mix.: Vit. A 2200 I. U., Vit. D3 269 I. C. U. and 55 ing ter ramycin per g r a m 
3
 Values were calculated according to A n w a r 
Tab le 2 
Means of different variables measured during 
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T, (Control ad lib.) a a a a a a 
1 1 3 0 1 0 9 0 — 4 0 2 . 2 4 3 . 9 1 7 . 4 
a Ь b a a a 
T; 85% 1 1 2 0 9 6 3 — 1 5 7 1 . 1 4 2 . 1 16.8 
a h с b b h 
T 7 5 ° 
L
 Я ' /II 
1 1 6 0 9 4 6 — 2 1 4 1 1 . 4 3 1 . 5 1 3 . 1 
level 
(a, b, c) Any two means not having the saine let ter are significantly different at the 5% 
* Based on food cost a n d egg price 
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was res t r ic ted by 5 or 1 0 % , bu t it t ended to increase when feed restrict ion was par t ia l ly offset 
b y a higher dietary d e n s i t y . 
Rate of laying and egg weight. T h e r a t e of laying, a s measured by percen tage hen-day 
p r o d u c t i o n and ave rage daily egg p r o d u c t i o n (Table 2), d id not differ s igni f icant ly be tween 
T 1 a n d T2, but was s igni f icant ly lower in T3. On average, t h e daily egg p roduc t ion for each 
hen was 17.4 grams in T l , 16.4 grams ill T2 and 13.1 g rams in T3. Weekly changes in egg pro-
d u c t i o n (Table 3) were h ighly significant in all groups, b u t w i t h o u t a special t r e n d , hence t h e 
m e a n squares between per iods were l inear, quadra t i c and the i r deviat ions were also highly signif-
i can t (Table 5). The h ighes t product ion was 60.2% for T l in t he f i f t h week, 54 .8% for T2 
in t h e eleventh week a n d 52.0% for T3 in t he f irst week of t h e exper iment . The lowest produc-
t ion was reached in all g roups during t h e las t two weeks of the exper imen t , when the hens 
were f aced with the u n f a v o u r a b l e wea the r of May. 
The average egg weight ranged f r o m 39.2 — 39.9 g r a m s in all groups and t he differences 
b e t w e e n them were n o t s ignif icant (Table 2). However, t h e differences in to ta l egg weight pro-
duced were highly s ign i f i can t due to t r e a t m e n t s , and t he period effect was main ly l inear 
(Tab l e 5). 
The results of t h e present s tudy demons t r a t ed t h a t res t r ic t ion of food to 8 5 % of the 
ad libitum amount did n o t change the egg size and there was no significant decline in egg pro-
duc t ion . VBOUL-SEOD et al. (1970) found no significant d i f fe rences in egg p roduc t ion between 
fu l l - fed and 85% res t r ic ted- fed Fayoumi a n d R. I. R. hens, a n d al though 7 0 % res t r ic ted hens 
laid less eggs, the d i f fe rence was still no t significant. ABDERRAHIM (1966) r epo r t ed no signif-
i can t differences in egg number among ful l - fed, 85% and 7 0 % restr icted-fed Fayouin i and 
A l e x a n d r i a hens, hu t s ign i f i can t differences were reported in t h e egg weights of the Alexandr ia . 
Restr icted-fed b i r d s during rear ing were at a d i s advan t age in egg p roduc t ion to a f ixed 
t i m e because of their de lay in matur i ty , h u t showed a higher p roduc t ion for equa l periods a f te r 
m a t u r i t y compared w i t h ful l - fed birds (LEE et al. 1971a, h). N o significant differences in average 
egg weight were r epor t ed a t the same chronological age, b u t because the egg p roduc t ion curve 
was displaced, there was a change of one g r a m at a fixed t ime . MACINTYRE — GARDINER (1964) 
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Table 3 
Effect of restricted feeding on rate of laying, Egg weight and 
food consumption of Dandarawi pullets 
% R u t e of h e n / d a y product ion 
T , (ad lib.) ! T 2 ( 8 5 % ) 1 T 8 (75%) 
; weight (g) Food c o n s u m p t i o n (g /b i rd /day ) 
Tr T s I T„ Tt 
55.7 
48.4 
45.4 
53.0 
60.2 
46.6 
45.9 
40.0 
40.2 
39.6 
45.2 
44.5 
23.1 
24.8 
43.9 
51.3 
44.5 
42.1 
37.5 
46.3 
46.1 
48.1 
43.9 
38.2 
34.1 
54.8 
44.8 
35.4 
23.5 
42.1 
52.0 
40.9 
29.5 
23.2 
37.0 
44.8 
45.7 
35.2 
29.4 
24.6 
38.1 
21.3 
9.8 
17.1 
31.5 
39.1 
38.0 
37.4 
41.8 
40.1 
38.2 
38.3 
38.9 
40.1 
43.5 
43.4 
41.4 
38.1 
37.4 
39.2 
41.0 
41.1 
40.0 
41.5 
38.7 
39.4 
36.8 
40.2 
39.8 
39.9 
39.5 
40.6 
38.6 
37.2 
39.7 
39.4 
40.5 
42.9 
43.3 
38.6 
41.3 
39.2 
40.0 
36.2 
41.7 
39.2 
38.5 
37.1 
36.6 
39.9 
120.3 
100.2 
110.2 
113.3 
108.7 
108.7 
95.4 
95.4 
109.9 
86.3 
91.1 
91.9 
101.6 
95.2 
110 
102.8 90.8 
84.5 75.3 
93.5 83.5 
96.3 86.0 
92.5 82.3 
92.5 82.3 
81 .3 69.5 
80.7 72.4 
92.2 80.8 
77.4 66.9 
90.2 66.6 
75.8 69.3 
84.9 75.4 
93 83 
Table 4 
Effect of restricted feeding on specific gravity, fertility and hatchability percentage 
Variable 
Pe r iods 
Sp eeific grav i ty* Fer t i l i ty % * * H a t c h a b i l i t y % 
Tt и T s Tt T2 Ta T, T 2 T3 
P, 7.6 7.3 7.5 89.5 83.8 82.0 77.2 70.0 75.8 
p2 7.2 6.4 7.0 87.2 81.1 84.0 84.0 81.4 88.6 
P3 7.4 6.0 6.5 75.6 75.0 79.0 80.8 81.4 73.5 
P4 6.9 5.8 6.4 83.4 80.5 88.8 68.7 57.2 76.1 
P5 6.1 5.4 4.8 73.4 78.8 88.8 73.8 87.1 91.7 
M e a n 7.1a 6.3a 6 .3b 81.8a 79.8a 85.9a 76.9a 75.4a 81.1a 
* Based on 785 eggs 
** Based 011 3520 eggs 
(a, b) A n y t w o m e a n s not h a v i n g t h e same le t te r a re s ignif icant ly d i f f e r e n t a t the 5%. 
level 
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Table 5 
Analysis of variance for egg number, egg weight. food consumption 
specific gravity, fertility and hatchability percentage 
M. S. fo r 
S. of V. d . f . 
Eg? 
No. 
T o t a l 
egg w t . 
Food 
consum. 
Between Reps 2 6120** 12.97** 9.3 
Between periods (p) 13 4057** 7.00** 137.2** 
Linear 1 4062** 9.52** 24.0** 
Quadra t ic 1 1522** 1.35 30.4** 
Deviat ion 11 4295** 7.28** 7.5 
T r e a t m e n t s (T) 2 10847** 14.0** 518.2** 
P x T 249 1.11 2.5 
E r r o r 41 368 0.64 4.2 
M. S. for 
S. of V. d . f . 
Sp. g. Fe r . Hatch . 
Between periods 4 301.0** 62.0* 151.5** 
Between t rea tments 2 108.0** 65.0 84.4 
E r r o r 778(23) 0.42 23.3 36.1 
(23) Represents error d. f. for fertility and hatchabil i ty percentage 
* Significant at the 5 % level 
** Significant at the 1% level 
showed t h a t the dura t ion of food restr ict ion a f fec t s the t ime of p e a k production, t he he ight of 
the peak a n d the ra te of l ay ing . 
F o o d consumpt ion , eff iciency and cost . As may be e x p e c t e d , the food c o n s u m p t i o n 
was s igni f icant ly different for each of the t h r e e t r ea tmen t s (Tables 2 and 5). The d a i l y food 
consumpt ion per hen ranged f r o m 90.1 — 120.3 g rams in the case of full-fed groups (Tab le 3). 
The food consumpt ion of t h e control group f l u c t u a t e d weekly, as accordingly did t h e food 
offered t o t h e other two g r o u p s in the fol lowing weeks. I t was e s t ima ted tha t each full-fed 
hen consumed , on the average , 258.9 Kca l metabol ized energy, 17.9 g protein and 2.22 g cal-
cium per d a y (Table 3). 
T h e efficiency of food ut i l izat ion, expressed as grams of food consumed per g r a m of 
eggs p r o d u c e d or as gross energet ic efficiency, showed tha t t he 8 5 % restricted pu l l e t s made 
the m o s t efficient use of food . They achieved a feed efficiency of 5 .5% and an 11 .8% gross 
energetic efficiency compared wi th 6.3 and 10 .3%, respectively, f o r b o t h the 7 5 % res t r ic ted 
and the ful l - fed pullets. 
T h e increasing feed eff iciency reduced produc t ion costs. T h e weekly r e t u r n based on 
the food a n d egg prices preva i l ing a t the t ime of t he exper iment showed t h a t the 8 5 % res t r i c ted 
group achieved a f inancial a d v a n t a g e over t he cont ro l (Table 2). T h e saving in food cos t of t he 
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75° , , restr icted g r o u p was ou twe ighed b y the assoc ia ted loss in egg p r o d u c t i o n . О н и PARK 
( 1974) reached a s i m i l a r conclusion, i n d i c a t i n g tha t r e s t r i c t e d - f e d egg t y p e s t o c k s dur ing r e a r i n g 
m a y increase t h e r e l a t i v e profit b y 10 1 3 % . 
QUISENBERRY et al. (1974) c o u n t e r b a l a n c e d t h e f e e d res t r ic t ion b y inc reas ing t he diet 
d e n s i t y . A feed r e s t r i c t i o n of 5 10%, f r o m the ad l i b i t u m a m o u n t r e d u c e d p r o d u c t i o n costs . 
E g g p roduc t ion a n d f e e d efficiency s t r o n g l y f avoured t h e i n t e r m e d i a t e d e n s i t y d ie t . The h ighes t 
d e n s i t y diet was e q u a l to the ad l ib . in egg n u m b e r s a n d was super ior i n egg size and feed 
e f f i c i e n c y bu t t h e r e w a s an increase i n mor t a l i t y . LAGERVAI.L (1974) f o u n d t h a t s k i p - a - d a y 
f e e d i n g of laying t y p e chickens d u r i n g r e a r i n g did n o t a f f e c t t he ra te of l a y or feed u t i l i za t ion . 
Specific gravity of eggs. As s h o w n in Tables 4 a n d 5, t h e eggs of r e s t r i c t e d - f e d pul le ts h a d 
s i g n i f i c a n t shell t h i c k n e s s , still c o n s i d e r e d good, hence t h e u p p e r l imit sco re r e p o r t e d in U S D A 
r a n d o m sample t e s t s (1969) was 4 .58 f o r egg type s t o c k s . E g y p t i a n c h i c k e n s a re well k n o w n 
f o r the i r good shel l t h i ckness : h o w e v e r , increasing t h e c a l c i u m level in t h e r e s t r i c t ed diet m a y 
s t ab i l i ze this c h a r a c t e r . 
MILLER —SUNDE (1975) f o u n d t h a t shell r igidi ty w a s n o t af fec ted b y f e e d i n g and l igh t ing 
r e s t r i c t i o n s d u r i n g t h e growing p e r i o d . WELLS (1974) o b s e r v e d a smal l i m p r o v e m e n t in t h e 
s h e l l thickness w h e n t h e layer 's f ood w a s res t r ic ted. 
Fertility and hatchability. T h e h ighes t m e a n f e r t i l i t y (85 .9%) a n d t h e highest m e a n 
h a t c h a b i l i t y of f e r t i l e eggs were o b t a i n e d f rom the 7 5 % res t r ic ted- fed p u l l e t s (Table 3). How-
e v e r , the d i f f e r ences between t r e a t m e n t s were not s i g n i f i c a n t for e i the r c h a r a c t e r (Table 4), 
b u t s ignif icant d i f f e r e n c e s were o b s e r v e d between p e r i o d s . Similar r e s u l t s were ob ta ined by 
ABDERRAHIM (1966) f o r Fayoumi a n d Alexandr i a b r e e d s and by ABOUL-SEOD et al. (1970). 
w h o observed a s l i g h t i m p r o v e m e n t i n fe r t i l i ty and h a t c h a b i l i t y for r e s t r i c t e d F a y o u m i hens , 
w h i c h were not c o n s i s t a n t for R. I . R . P u l l e t s r e s t r i c t ed in the i r feeding in t h e rear ing per iod 
h a d be t te r f e r t i l i t y t h a n tha t of f u l l - f e d pullets , b u t t h e r e was no d i f f e r e n c e in h a t c h a b i l i t y 
( L E E et al. 1971b). 
As a g e n e r a l conclus ion, the r e s u l t s ob ta ined j u s t i f y m a k i n g a food r e s t r i c t i on for l a y e r s 
t o 8 5 % bu t n o t t o 7 5 % . It is b e l i e v e d t ha t it a c t s as a mild s t r e s s w h i c h m a y r e su l t 
i n g rea t e r a c t i v i t y , be s ides p r e v e n t i n g t h e deposi t ion of f a t a r o u n d t he sex g lands , t h u s s t i m u -
l a t i n g greater p r o d u c t i o n . 
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R E L A T I O N S H I P B E T W E E N T H E E V A P O T R A N S P I R A T I O N O F R I C E 
A N D T H E E V A P O R A T I O N O F E V A P O R I M E T E R S 
M a n y studies h a v e been made on r ice in order t o use U S W B Class A p a n e v a p o r i m e t e r 
e v a p o r a t i o n as a m e a s u r e of the é v a p o t r a n s p i r a t i o n of r ice (THONGTAWEE 1965, CHAUDIIRY — 
P A N D E 1966 , VAMADEVAN DASTANE 1 9 6 8 , NAKAGAWA 1 9 6 9 . DASTANE et al. 1 9 6 6 , R A Y -
P A N D E Y 1969 , ANONYMOUS 1970, VAMADEVAN 1971 , D E DATTA et al. 1 9 7 3 ) . D i f f e r e n t s i z e s of 
p a n were also used f o r t h e es t imat ion of é v a p o t r a n s p i r a t i o n (SHARMA — DASTANE 1966, 1969, 
VAMADEVAN 1971). E v e n t hough the e v a p o r a t i o n pans u sed as a p rac t ica l tool for p r e d i c t i n g 
é v a p o t r a n s p i r a t i o n in t h e rice field are p romis ing , it shou ld be men t ioned t h a t t h e coef f ic ien t s 
d e r i v e d for a specific r e g i o n may not necessar i ly and a u t o m a t i c a l l y be app l ied to o the r a r ea s 
(VAMADEVAN 1971). F u r t h e r , the ra t io of é v a p o t r a n s p i r a t i o n to e v a p o r a t i o n var ies w i t h t h e 
season , t h e kind of c rop , t h e crop cover a n d t h e k ind of p a n used (CHRISTIANSEN — HARGREAVES 
1970). I n recent yea r s t h e Can e v a p o r i m e t e r has been sugges t ed as being m o r e or less as re l iable 
as t h e U S W B Class A p a n evapor imete r . However , a r e l a t i onsh ip be tween é v a p o t r a n s p i r a t i o n 
a n d t h e evapora t ion of va r ious e v a p o r i m e t e r s will he of considerable use in r e c o m m e n d i n g 
t h e p a r t i c u l a r type of e v a p o r i m e t e r t o b e used . Hence, i n t h e present i nves t iga t ion a r e l a t ion-
ship w a s sought b e t w e e n t h e é v a p o t r a n s p i r a t i o n of rice, a n d U S W B Class A pan e v a p o r a t i o n 
a n d Can evapora t ion u n d e r expe r imen ta l condi t ions . 
T h e e x p e r i m e n t w a s conduc ted a t t h e wet land f a r m of the Tami l N a d u Agr i cu l t u r a l 
U n i v e r s i t y , Co imba tore c a m p u s , Ind ia , d u r i n g the yea r s 1971 to 1973. 7 i m b a t o r e is s i t u a t e d 
at 11°N and 77°E a t a n a l t i t ude of 498 m a b o v e sea level . T h e average a n n u a l ra infa l l of 613.5 
m m fa l l s on 49.8 r a i n y d a y s . 
T h e following t r e a t m e n t s were a p p l i e d : (I) W a t e r m a n a g e m e n t t r e a t m e n t s : I , — m a i n -
t a i n i n g a water d e p t h of 5 cm daily t h r o u g h o u t the crop g r o w t h period; I , — m a i n t a i n i n g 5 cm 
w a t e r da i ly t h r o u g h o u t c rop growth w i t h a s toppage of w a t e r for f ive d a y s only a t t h e end of 
t h e t i l le r ing period: I 3 — main ta in ing s a t u r a t i o n dai ly t h r o u g h o u t t h e c rop g r o w t h pe r iod ; 
I4 — ma in t a in ing a w a t e r d e p t h of 5 cm d a i l y for four d a y s and a f t e r w a r d s a s toppage of w a t e r 
foi f o u r days ; and I5 — main ta in ing a w a t e r d e p t h of 5 c m dai ly for e ight d a y s and a f t e r w a r d s 
a s t o p p a g e of water f o r e i g h t days; ( I I ) Var i e t i e s : V[ — K a n n a k i ( IK 8 x T K M 6) and V2 — B a l a 
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( N 22 x T / N / 1 ) ; ( H I ) N i t rogen levels: N„ - 0 kg, N t — 60 kg , N , - 120 kg , N 3 - 180 kg 
a n d N 4 — 240 k g n i t r o g e n per h e c t a r e . A c o m m o n dose of 60 kg P.205 a n d 60 kg K „ 0 p e r he c t a r e 
w a s appl ied u n i f o r m l y t o all t he p lo t s . 
The e x p e r i m e n t was laid o u t in a spl i t p lo t des ign w i t h t he w a t e r m a n a g e m e n t t r e a t m e n t 
a n d t h e variet ies a l l o t t e d to t he m a i n p lo t a n d t h e n i t r o g e n levels a l lo t t ed to t h e s u b p lo t s and 
r e p l i c a t e d th ree t i m e s . I n all, t w o m o n s o o n (wet season) and t w o s u m m e r (d ry s e a son ) crops 
w e r e t a k e n . T h e c r o p s were t r a n s p l a n t e d on 30.7.1971, 18.2.1972, 17.7.1972 a n d 5.2.1973. 
I n order t o e s t i m a t e t h e é v a p o t r a n s p i r a t i o n a n d e f fec t ive ra in fa l l , t h e d r u m cu l tu re 
t e c h n i q u e evolved b y DASTANE et al. (1966) was u s e d w i t h a s l ight m o d i f i c a t i o n , t h e modi f i ca -
t i o n be ing the use of e a r t h e r n p o t s i n s t e a d of meta l l i c d r u m s . E a r t h e r n po t s of 45 c m d i a m e t e r 
a n d 45 cm in h e i g h t w e r e used. T h e y were m a d e l eak proof by c o a t i n g inside a n d o u t s i d e wi th 
w a x a n d black j a p a n . T h e po t s were b u r i e d in t h e soil t o a d e p t h of 35 c m leav ing 10 e m above 
t h e soil surface. D a i l y m e a s u r e m e n t s were m a d e u p t o t e n d a y s be fo re h a r v e s t , w h e n t h e last 
i r r i g a t i o n was g iven . 
One l i tre e m p t y cans were c o n v e r t e d as Can e v a p o r i m e t e r s a n d f ixed i n t o e a c h plot 
of t h e f i rs t r e p l i c a t i o n as per the spec i f i ca t ions of SHARMA — DASTANE (1969). The C a n evapor i -
m e t e r was f ixed i n s ide t h e crop c a n o p y a n d as t h e c rop grew t h e Can e v a p o r i m e t e r w a s raised 
t o t h e canopv level . T h e read ings were t a k e n eve ry d a y a t 0830 h o u r s I n d i a n S t a n d a r d Time. 
T h e obse rva t ions w e r e recorded f r o m t h e second d a y a f t e r t r a n s p l a n t i n g u p to h a r v e s t in all 
t h e p lo ts . The w a t e r w a s changed e v e r y week. 
The USW В Class A p a n e v a p o r i m e t e r ins ta l l ed a t t h e agro-meteoro log ica l o b s e r v a t o r y 
s i t u a t e d about 1 k m a w a y f r o m t h e e x p e r i m e n t a l f ie ld was u sed for s t u d y in t h e p re sen t 
i n v e s t i g a t i o n . 
The ac tua l é v a p o t r a n s p i r a t i o n va lues for f i v e w a t e r m a n a g e m e n t t r e a t m e n t s a n d two 
v a r i e t i e s were d i v i d e d b y t he U S W B Class A p a n e v a p o r a t i o n a n d Can e v a p o r a t i o n t o ob t a in 
r a t i o s e l iminat ing t h e inf luence of meteoro log ica l f a c t o r s . These r a t i o s are p r e s e n t e d in Tab l e 1. 
T h e following conc lus ions can he d r a w n f r o m t h e t a b l e . 
(i) The r a t i o s in t he m o n s o o n season were f o u n d to be h igher t h a n t h a t of t h e s u m m e r 
s e a s o n , indica t ing t h a t t he e v a p o r a t i o n f r o m the e v a p o r i m e t e r s w a s lower dur ing t h e monsoons . 
(ii) The é v a p o t r a n s p i r a t i o n b y t h e crop is also less d u r i n g t h e monsoon c o m p a r e d to 
t h e s u m m e r season. T h i s is p r o b a b l y d u e t o the r a t e of t r a n s p i r a t i o n be ing cont ro l led p r i m a r i l y 
b y t h e energy s u p p l y a n d t he low w a t e r v a p o u r de f i c i t , b u t i t w a s also a f fec ted b y t h e s t o m a t a l 
o p e n i n g and t he s u p p l y of wa te r t o t h e leaves, a n d t h e r a t e of e v a p o r a t i o n is also d i m i n i s h e d . 
(iii.) As f a r a s e v a p o r a t i o n is conce rned t h e Can e v a p o r i m e t e r gave less e v a p o r a t i o n 
t h a n t h e U S W B Class A p a n e v a p o r i m e t e r , as r e f l e c t e d in t he r a t i o s . This is p r o b a b l y due to 
t h e mic roc l imate s i t u a t i o n preva i l ing w i t h i n t h e c rop c o m m u n i t y , t h e Can e v a p o r i m e t e r being 
p l a c e d in the f ie ld a t t h e level of t h e c rop c a n o p y b y chang ing t h e pos i t ion of t he Can evapor i -
m e t e r as the c rop g rows . 
(iv) The r a t i o b e t w e e n é v a p o t r a n s p i r a t i o n a n d p a n e v a p o r a t i o n was f o u n d t o b e fa i r ly 
c lose to un i ty , i n d i c a t i n g t h a t t h e U S W B Class A p a n va lues cou ld be used to e s t i m a t e t h e 
é v a p o t r a n s p i r a t i o n of r ice (DASTANE et al. 1966, R A Y - P A N D E Y 1969, ANONYMOUS 1970). 
T h e reason a t t r i b u t e d to th is u n i t y v a l u e being t h a t t he é v a p o t r a n s p i r a t i o n f r o m t h e s w a m p 
rice c rop would fo l low t h e same t r e n d as t h a t f r o m a f r e e w a t e r su r f ace since the e n e r g y ava i lab le 
fo r é v a p o t r a n s p i r a t i o n would he t h e s a m e (DASTANE et al. 1966). T h e é v a p o t r a n s p i r a t i o n to 
e v a p o r a t i o n ra t io a t t h e I n t e r n a t i o n a l Rice R e s e a r c h I n s t i t u t e , Ph i l ipp ines , d u r i n g d r y season 
w a s 1.6 and in t h e w e t season w a s 1.29 (ANONYMOUS 1969). DE DATTA et al. (1973) r e p o r t e d 
t h a t t he re was no s ea sona l d i f fe rence a n d a r a t io of 1.6 w as ob t a ined in b o t h seasons. T h e s u n k e n 
s c r eened open p a n e v a p o r i m e t e r (SHARMA- DASTANE 1966). t h e Can e v a p o r i m e t e r (SHARMA 
DASTANE 1969) a n d t h e GGI 3000 p a n e v a p o r i m e t e r (VAMADEVAN 1971) were f o u n d to give 
a r a t i o near u n i t y . I n t h e presen t i n v e s t i g a t i o n d i f f e r e n t r a t io s for d i f f e r en t wa te r m a n a g e m e n t 
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Table 1 
Ratio between actual evaporationsiration and USW B class A pan evaporation and 
Can evaporation for different seasons, varieties and water management treatments 
Wate r 
management 
Evapotranspira t ion/Сап evapora t ion 
Kannak i (Vx) Bala (Vs) 
t r ea tments 
Monsoon Summer Mean Monsoon Summer Mean 
M 1.45 1.60 1.53 1.43 1.53 1.48 
I 2 1.44 1.51 1.48 1.39 1.45 1.42 
1.26 1.27 1.28 1 . 2 2 1.20 1.21 
4 1.48 1.44 1.46 1.46 1.40 1.43 
5 1.52 1.45 1.49 1.45 1.32 1.39 
Mean 1.43 1.45 1.39 1.38 
Water 
management 
Evapot ranspi ra t ion /USWB Class A pan evaporation 
Kannak i Bala (V2) 
t r ea tments 
Monsoon Summer Mean Monsoon Summer Mean 
M 1.46 1.27 1.37 1.40 1.25 1.33 
I2 1.40 1.21 1.31 1.38 1.19 1.29 
A3 1.24 1.04 1.14 1.20 1.03 1.12 
4 1.43 1 20 1.32 1.40 1.16 1.28 
5 1.39 1.20 1.30 1.38 1.15 1.27 
Mean 1.38 1.18 1.35 1.16 
t r e a t m e n t s a n d for d i f f e r e n t seasons were observed , b u t t h e d i f fe rences were m a r g i n a l . EWART 
(1965) po in t ed o u t t h a t g r e a t v a r i a t i o n s ex i s ted wi th in t h e seasons . 
(v) M a i n t a i n i n g t h e s a t u r a t i o n t h r o u g h o u t the c rop g r o w t h period ( I 3 ) g a v e the lowest 
r a t i o in all seasons a n d h igh r a t i o s u n d e r submergence . A c c o r d i n g to VAMADEVAN (1971) 
a h igher r a t i o was o b t a i n e d for a w a t e r d e p t h of 20 cm t h a n f o r a wa te r d e p t h of 5 c m , ev iden t ly 
t e s t i f y i n g t h a t g r e a t e r w a t e r d e p t h s a l w a y s give a higher r a t i o , as re f lec ted in t h e p re sen t s t u d y . 
(vi) T h e d i f fe rences b e t w e e n t h e va r i e t i e s are m i n i m a l . S imi lar views h a v e been expres-
sed by HARGREAVES (1968) , who s t a t e s t h a t t h e t y p e of c r o p seems to h a v e l i t t l e effect u p o n 
é v a p o t r a n s p i r a t i o n . 
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P H O S P H O R U S A V A I L A B I L I T Y F R O M R O C K P H O S P H A T E AS I N F L U E N C E D 
BY P Y R I T E S , W H E A T S T R A W A N D S U P E R P H O S P H A T E 
T O M A I Z E - C L O V E R ON A M O L L I S O L 
N e a r l y half the p h o s p h a t e fer t i l izer r e q u i r e m e n t in I n d i a is present ly m e t b y impor t s . 
In v i e w of t h e high p r i ce of fert i l izers , p a r t i c u l a r l y p h o s p h a t e s , on t he i n t e r n a t i o n a l m a r k e t 
and t h e u n f a v o u r a b l e s t a t e of t h e balance of p a y m e n t s , t he n e e d to utilize i n e x p e n s i v e nu t r i en t 
resources s u c h as rock p h o s p h a t e for i m p r o v i n g soil f e r t i l i t y a n d increasing a g r i c u l t u r a l pro-
duc t i on c a n hard ly be o v e r - e m p h a s i z e d . T h e ag ronomic e f f e c t i v e n e s s of r a w r o c k p h o s p h a t e s 
is o f t e n low as compared t o soluble p h o s p h a t i c fer t i l izers a n d is la rge ly p H - d e p e n d e n t (ROGERS 
et al. 1953, PEASLEE et al. 1962). Consequen t ly t h e use of r a w r o c k p h o s p h a t e is n o t r e c o m m e n d -
ed fo r n e u t r a l or a lka l ine soils. Since it is t h e l a t t e r g roup of soils which occup ie s m o s t of t he 
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agr icul tura l land in nor thern India , the present inves t igat ion was u n d e r t a k e n w i t h a view to 
explor ing the possibi l i ty of using raw rock phospha te in combina t ion wi th low-grade pyr i tes , 
w h e a t s t raw or s u p e r p h o s p h a t e as an a l t e rna t ive P source on these soils (Mollisol), which are 
re la t ive ly rich in organic ma t t e r . The need for this invest igat ion pr imari ly s t e m m e d from t h e 
recen t discovery of over 50 million tons of relat ively poor qual i ty rock p h o s p h a t e and over 
100 million tons of low-grade pyr i tes in Ind ia , which are not sui table for i ndus t r i a l use. 
A greenhouse p o t cul ture s tudy was carr ied out on a typica l tara i soil (Typic Hapludol l ) 
collected f rom t h e Univers i ty Fa rm. The re l evan t character is t ics of the soil are given in Table 1. 
The composit ion of Mussoorie rock p h o s p h a t e (90% —100 mesh) , supe rphospha t e (powdery) , 
low -grade pyr i tes ( 6 0 % - 100 mesh) a n d w h a t s t raw (finely ground) used in th i s s t u d y are given 
in Table 2. The t r e a t m e n t s comprised th ree ra tes (20. 40 and 80 ppm P) or rock phospha te 
a lone and in combina t ion with 10 g per pot low-grade pyr i t es (1 % 5) or whea t s t r a w ; and super-
p h o s p h a t e alone, as well as in the fo rm of a mix tu re wi th rock phospha te (1 1). giving 10, 
20 and 40 p p m P /po t . Wi th the inclusion of some addi t ional t r ea tmen t s , t he r e were in all 22 
t r e a t m e n t s and four repl icat ions in a complete ly randomised design. Each p o t conta ined 3 kg 
soil passed t h rough a 2 nun sieve. Af te r t ho rough ly mixing the requisite q u a n t i t y of fertilizer 
a n d pyr i tes or whea t s t raw with the soil, the mois ture was main ta ined at a b o u t two-thirds of 
t he field capaci ty for 30 days in the greenhouse ( t e m p e r a t u r e 25 —29°C). T h e r e a f t e r the soil 
was tes ted for p H a n d available P, and hybr id maize (Zea mays) var . " G a n g a - 2 " was seeded 
a n d grown for 7 weeks. Each pot had f ive maize p lan t s a n d received a d e q u a t e N. K. S and 
mic ronu t r i en t s . Af t e r harvest ing the maize p lants , E g y p t i a n clover (Trifolium alexandrinum) 
v a r . " R u s s i a n G i a n t " was seeded wi thou t f resh P appl icat ion. Three cl ippings of clover were 
t a k e n . P lan t samples were washed, dr ied, weighed, ground and analysed for P b y the molybdo-
v a n a d a t e yellow spect rophotoine t r ic p rocedure a f te r wet ashing with H N 0 3 H(110, (JACKSON 
1958). Calcium was de termined using a f l a m e p h o t o m e t e r in an aliquot of t h e p l an t material . 
Soi l -pH was measured in a 1 : 2.5 soil-w a te r suspension using a glass electrode p H meter , and 
avai lable P was de te rmined by ex t rac t ion w i t h 0.5 M N a H C 0 3 (OLSEN et al. 1954). 
The P avai lab i l i ty index was ca lcula ted by sub t rac t ing the P u p t a k e in t h e check t rea t -
m e n t f rom the P u p t a k e in the fertilizer t r e a t m e n t and dividing the value by t h e amoun t of P 
added , mult ipl ied by 100. 
The da ta presented in Table 3 show t h a t the height of maize plants was no t significantly 
a f fec ted by t he source or level of P appl ica t ion . It is ev ident f r o m the dry m a t t e r yield d a t a 
t h a t r aw rock p h o s p h a t e vir tual ly failed to s t imula te the g rowth of maize p l an t s , whereas 
supe rphospha te increased the yield s ignif icant ly over the check t r e a t m e n t . P u p t a k e by p lan t s 
also exhibi ted the same t rend . This suppor t s the general view about the indispensabi l i ty of a 
water-soluble P source for early p lan t g rowth response on neut ra l or a lka l ine soils (ROGERS 
et al. 1953, ENSMINGER et al. 1967). The use of low grade pyr i tes mixed wi th rock phosphate 
seemed to have a beneficial effect as it t e n d e d to improve t he effectiveness of t h e l a t t e r in t e rms 
of d ry m a t t e r yield response which was s ta t i s t ica l ly on a par wi th t h a t of s u p e r p h o s p h a t e a t 
30 and 40 ppm P levels. The increased u p t a k e of P by maize p lan t s receiving a m i x t u r e of rock 
p h o s p h a t e and pyr i t es compared with those receiving rock phospha te alone (Table 3) indicates 
t h a t t he pyri tes was able to mobilise P f r o m rock phospha te by promot ing i ts dissolution due 
to t he local ac id i fy ing effcct (RASTOGI et al. 1977). However when compared a t t he same P level, 
t h e P avai labi l i ty i n d e x values for the rock phospha te -pyr i t es mix ture were on ly one-four th 
t o one-half of the supe rphospha te values. A h e a v y dose of pyr i tes (10 I ) did n o t subs tan t ia l ly 
e n h a n c e the effect iveness of rock p h o s p h a t e compared to the lower dose (5 -f- 1). Al though 
t h e amoun t of pyr i tes added wi th rock p h o s p h a t e was greater t h a n w hat is theore t ica l ly requir-
ed to conver t all the ca rbona te / f luoro-apa t i t e present in t he rock phosphate in to monocalcium 
phospha te , the re la t ive ly low effect iveness of this m i x t u r e compared to s u p e r p h o s p h a t e m a y 
be a t t r i bu t ed chiefly to poor contac t be tween the acid produced from pyr i t e s particles and 
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Table 1 
Characteristics of the soil used 
Particulars Test value 
Texture L o a m 
ph (1 : 2.5 so i l -wa te r suspension) 7.5 
Organic m a t t e r 1 .46% 
Cation E x c h a n g e Capaci ty 31.50 me/100 g 
Exchangeab le Ca 21.38 me/100 g 
Exchangeab le Mg 8.57 mg/100 g 
Exchangeah le К 0.51 me/100 g 
To ta l 820 p p m 
Water -so luble P 0.5 p p m 
0.5 M N a H C 0 3 - e x t r a c t a b l e P 21.2 p p m 
P f ixa t ion c a p a c i t y 80 p p m 
Table 2 
Composition of rock phosphate, superphosphate, pyrites and wheat straw used 
in the experiment 
Constituent R o c k 
phospha te 
Super-
phospha te 
Pyri tes Whea t s t raw 
Tota l P a s P , 0 5 ( % ) 16.64 16.78 — 0.21 
Wate r so luble P ( % ) T r a c e s 16.10 — — 
Citrate so luble P ( % of t o t a l P ) 10.80 1.36 — — 
Calcium as CaO ( % ) 47 .20 26.80 0.80 0.20 
Sulphur T r a c e s 13.40* 11.20+ 0.10 
Organic c a r b o n T r a c e s — Traces 44.73 
Ni t rogen 
— - — 
0.79 
Fluor ine 2.20 1.13 — — 
Iron as F e 2 0 3 5.64 1.28 12.80 — 
Silica 4 .88 1.56 42.50 3.89 
* Mos t ly as S O / ; + m o s t l y as S" 
rock p h o s p h a t e part icles . T h e incomple te o x i d a t i o n of p y r i t e s a n d t h e e x h a u s t i o n of t h e acid 
so p r o d u c e d in o ther s ide r e a c t i o n s may also b e responsible f o r t h e low ef f icacy of t h e py r i t e s . 
W h e a t s t raw h a d n o discernible e f f e c t on t h e g r o w t h a n d d r y m a t t e r yield of maize or 
on t he P u p t a k e by p l a n t s , p r o b a b l y because of i t s slow d e c o m p o s i t i o n ra te , t h e non-pe r s i s t ence 
of o rgan ic ac ids for longer p e r i o d s under t r o p i c a l condi t ions a n d t h e h igh Ca s a t u r a t i o n of t h e 
soil. Th i s obse rva t ion is in l ine w i t h those of SEATZ et al. (1959) . 
A t t h e 10 p p m P l e v e l t he m i x t u r e of rock p h o s p h a t e a n d s u p e r p h o s p h a t e p r o d u c e d 
less d r y m a t t e r yield t h a n d id s u p e r p h o s p h a t e b u t it a p p e a r e d t o be e q u a l l y e f f e c t i v e a t 
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Fig. 1. Relat ionship be tween NaHCO.,-extractabIe P in soil a n d P up take by maize p lan ts 
Fig. 2. Relat ionship between NaHCO, -ex t r ac t ab l e p in soil and P u p t a k e by clover 
h igher rates . There was no significant d i f ference in P u p t a k e a t a n y P level be tween the p lan ts 
receiving the rock p h o s p h a t e - s u p e r p h o s p h a t e mixture a n d those receiving superphospha te 
alone. An increase in t h e propor t ion of superphospha te in t h e mix ture (2 -j- 1) resulted in 
b e t t e r grow th of maize p l a n t s and higher P u p t a k e and u t i l i za t ion of added P, which compared 
fa i r ly well with supe rphospha t e at the corresponding P levels. 
There was a close relat ionship be tween the P ex t rac tab le in 0.5 M N a H C 0 3 in soil deter-
m i n e d a f te r 30 days of incubat ion and t h e P up take by maize p lan ts (r = 0.968, significant 
a t t h e 1% level), suggest ing tha t the avai labi l i ty of rock p h o s p h a t e can he p red ic ted well by 
th i s l abora tory tes t . Fig . 1 depicts th is re la t ionship for maize plants . 
Residual effects. A marked response of clover p l an t s to rock p h o s p h a t e was observed 
a n d the differences be tween the P sources, namely supe rphospha t e , rock p h o s p h a t e alone and 
in combina t ion with py r i t e s or whea t s t r aw , levelled off a t t he 20 ppm P level, b u t there was 
no f u r t h e r increase in d r y ma t t e r yield a t higher levels of rock phosphate . T h e same t rend 
was noticed in regard t o P up take . This l imited avai labi l i ty of rock p h o s p h a t e to clover in 
cons t r a s t to its ineffect iveness for the preceding maize could be explained by t h e be t te r physio-
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T a b l e 3 
Effect of sources and levels of P application on the gro n th and yield 
of maize and P uptake by plants 
Treatment 
P appl ied , 
p p m 
Plant 
height , 
cm 
D r y mat te r 
yield, 
g/'pot 
P u p t a k e , 
mg /po t 
P availability 
index 
Check 0 77.8 34.76 21.29 
S u p e r p h o s p h a t e 10 89.2 40.43 33.29 40.0 
S u p e r p h o s p h a t e 20 85.1 44.96 38.95 28.3 
S u p e r p h o s p h a t e 40 86.0 43.30 44.74 19.5 
Rock p h o s p h a t e 20 85.2 35.83 19.21 —3.5 
Rock p h o s p h a t e 40 85.7 35.60 25.62 3.6 
Rock p h o s p h a t e 80 84.9 39.40 26.04 1.9 
Rock p h o s p h a t e + P y r i t e s 20 90.0 35.96 25.55 7.1 
Rock p h o s p h a t e + P y r i t e s 40 91.8 38.50 32.39 9.2 
Rock p h o s p h a t e -f- P y r i t e s 80 88.1 40.36 38.08 7.0 
R o c k p h o s p h a t e + P v r i t e s 
(1 + 10) 20 83.6 40.66 27.15 4.7 
P v r i t e s a lone 10 g 0 83.3 36.90 21.29 
R o c k p h o s p h a t e + w h e a t s t r a w 20 76.3 29.20 19.51 —2.9 
Rock p h o s p h a t e + w h e a t s t r a w 40 83.7 37.80 25.22 3.3 
Rock p h o s p h a t e w h e a t s t r a w 80 40.9 37.10 31.25 4.1 
R o c k p h o s p h a t e + p y r i t e s 
(L + 5) + whea t -j- s t r a w 40 86.3 40.16 33.74 10.4 
W h e a t s t r a w alone 0 82.0 33.66 18.28 — 
Rock p h o s p h a t e -f- super-
p h o s p h a t e (1 -+- 1) 10 79.8 32.73 26.70 18.0 
Rock p h o s p h a t e -f super-
p h o s p h a t e (1 -f 1) 20 81.6 38.23 32.13 18.0 
R o c k p h o s p h a t e — super-
p h o s p h a t e 40 89.7 45.56 46.60 21.1 
Rock p h o s p h a t e -(- super-
p h o s p h a t e (1 ± 2) 20 84.3 45.73 35.54 23.8 
R o c k p h o s p h a t e -f- super-
p h o s p h a t e (1 -f- 1) 20 82.2 39.16 33.49 20.3 
S E m ± C. D. at 5 % 3.94 2.12 2.58 — 
N. S. 6.06 7.35 
— 
logical ab i l i t y of t h e r o o t s of t h e f o r m e r a s c o m p a r e d to t h e l a t t e r for u t i l i z ing insoluble cal-
c i u m p h o s p h a t e s (ROGERS et al. 1953). 
T h e beneficial e f f e c t of pyr i tes o n t h e ava i lab i l i ty of r o c k p h o s p h a t e as obse rved w i th 
m a i z e d id no t show u p o n clover, p r o b a b l y because t he o x i d a t i o n of p y r i t e s i n t h e soil h a d 
n e a r l y ceased (as i n d i c a t e d b y p H ) and t h e r e s u l t a n t acid w a s a l r e a d y e x h a u s t e d . On t he o ther 
h a n d , t h e res idual e f f ec t s of t h e rock p h o s p h a t e -f- w h e a t s t r a w t r e a t m e n t w e r e s ign i f ican t ly 
b e t t e r t h a n those of r o c k p h o s p h a t e a l o n e . T h e ava i lab i l i ty of add i t i ona l P t o p l a n t s t h r o u g h 
t h e m i n e r a l i s a t i o n of s t r a w , as ev iden t f r o m a compar i son of t h e P u p t a k e v a l u e f o r t h e cont ro l 
as c o m p a r e d to w h e a t s t r a w alone (Tab le 4) . ru l e s out t he poss ib i l i ty of a s u b s t a n t i a l mobilisa-
t i o n of P f r o m rock p h o s p h a t e by s t r a w , a s also r epor t ed b y SEATZ et al. (1959) . 
T h e res idual e f f ec t i venes s of t h e r o c k p h o s p h a t e - s u p e r p h o s p h a t e m i x t u r e (1 -j- 1) 
a p p e a r e d t o he s imilar or super ior to t h a t of s u p e r p h o s p h a t e excep t a t t h e 40 p p m P level 
w h e r e t h e l a t t e r showed a n edge over t h e f o r m e r in r e g a r d t o d r y m a t t e r y i e ld as well as P 
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Table 4 
Residual effect of sources and levels of P application on the yield 
of clover and uptake of P and Ca 
P F r e s h Dry matter p P avail- Ca 
Treatment . applied. y ie ld , yield. u p t a k e , ability u p t a k e , 
(ppm) g / P o t g/P° ' m g / p o t index m g / p o t 
Check 0 49.42 8.43 15.83 163 
Superphosphate 10 55.69 8.72 19.24 11.4 189 
Superphosphate 20 66.29 11.22 23.24 23.5 253 
Superphosphate 40 84.73 15.32 34.42 15.5 362 
Rock phosphate 20 73.23 13.69 23.72 13.1 273 
Rock phosphate 40 70.83 12.22 22.32 5.4 269 
Rock phosphate 80 72.85 12.92 24.28 3.5 291 
Rock phosphate + pyrites 20 73.19 12.86 21.70 9.8 196 
Rock phosphate -f- pyrites (1 + 5) 40 74.72 13.72 24.23 7.0 224 
Rock phosphate + pyrites 80 73.13 12.52 23.42 3.2 219 
Rock phosphate + pyrites (1 + 10) 20 67.86 10.93 22.37 10.9 191 
Pyri tes 10 g 0 58.59 9.86 16.64 — 171 
Rock phosphate -f- wheat straw 20 87.22 14.52 28.40 20.9 248 
Rock phosphate + wheat straw 40 79.52 14.02 28.60 10.6 256 
Rock phosphate + wheat straw 80 78.13 13.22 29.92 5.9 261 
Rock phosphate + pyrites (1 + 5) + 
-f- wheat s t raw 40 68.23 12.15 22.90 5.9 221 
W h e a t straw alone 0 68.86 11.42 21.45 210 
Rock phosphate + superphosphate 10 69.59 11.72 23.51 25.6 235 
Rock phosphate + superphosphate 
(1 + 1) 20 74.60 12.25 27.96 20.2 257 
Rock phosphate + superphosphate 40 74.76 12.89 28.54 10.6 285 
Rock phosphate + superphosphate 
(1 + 2) 20 67.13 12.29 24.63 14.7 249 
Rock phosphate + superphosphate 
(2 + 1) 20 62.42 10.69 22.99 11.9 259 
S E m ± C. D. 5 % 4.52 0.79 1.84 17 
12.88 2.25 4.28 48 
Table 5 
Cumulative P availability index of rock phosphate as effected by pyrites 
and wheat straw; rock phosphate-superphosphate mixture and superphosphate 
in greenhouse test with maize-clover 
P source 
P levels ( m g / p o t ) 
t reatment 
30 60 120 240 
Rock phosphate 9.6 9.0 5.4 
Rock phosphate + Pyri tes 16.9 16.2 10.2 
Rock phosphate j Wheat straw 15.6* 12.9* 9.6* 
Rock phosphate | Superphosphate 43.6 38.2 31.7 — 
Superphosphate 51.4 51.8 35.0 
* After accounting for P in s t raw added 
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u p t a k e . These r e s u l t s are in g o c d a g r e e m e n t w i th t h o s e of TERMAN cl al. (1961) who r e p o r t e d 
t h a t the e f f e c t of wa te r so lub i l i ty of fertilizer P w a s less p r o n o u n c e d for the second c rop . 
T h e u p t a k e of P and Ca b y c lover plants w a s closely i n t e r r e l a t e d (r = 0.83). 
T h e leve l of P ex t r ac t ab le i n 0.5 M N a H C 0 3 in t h e soil, m e a s u r e d a f t e r h a r v e s t i n g t h e 
maize p lan t s , s h o w e d a very c lose r e l a t i onsh ip w i t h t h e P up take b y s u b s e q u e n t clover ( l ian ts 
(Fig . 2). This i n d i c a t e s tha t t h e r e s i d u a l va lue of r o c k p h o s p h a t e or s u p e r p h o s p h a t e a p p l i c a t i o n 
c a n be c o n v e n i e n t l y evaluated b y t h i s l abo ra to ry t e s t , as also r e p o r t e d by MOSCHLER et al. 
(1957) and BEATON -NIELSEN ( 1 9 5 9 ) . 
Cons ide r ing the c u m u l a t i v e P ava i lab i l i ty t o b o t h crops in t h e greenhouse ( T a b l e 5), 
o n e would c o n c l u d e t h a t the a p p l i c a t i o n of low g r a d e p y r i t e s or w h e a t s t r a w could b r i n g a b o u t 
o n l y a m a r g i n a l i m p r o v e m e n t in t h e ef f icacy of r o c k p h o s p h a t e . A m i x t u r e of rock p h o s p h a t e 
a n d s u p e r p h o s p h a t e however o f f e r e d a viable a l t e r n a t i v e for m a k i n g u s e of inexpens ive rock 
p h o s p h a t e . T h e s e resul t s mus t , h o w e v e r , be i n t e r p r e t e d wi th cau t ion k e e p i n g in view t h e soil — 
p l a n t r e l a t i o n s h i p obta ined in t h e greenhouse , w h i c h would be v e r y d i f f e r en t u n d e r a c t u a l 
f i e ld cond i t i ons a n d may go in f a v o u r of rock p h o s p h a t e , as p o i n t e d o u t by TERMAN et al. 
(1962). 
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C H E M I C A L CHANGES ACCOMPANYING W A T E R - L O G G I N G . 
I. E F F E C T OF S U L P H A T E AND O R G A N I C MATTER 
The area of alkali soils in Egypt has been expanding since t he in t roduct ion of t he peren-
nial i r r iga t ion system, w h i c h has caused a rise in the wa te r t ab le . RIZK (1958) and GRACIE 
el al. (1961 ) indicated t h a t sulphate r e d u c t i o n is the process ma in ly responsible for soil deteri-
o ra t ion , gleying, the d e v e l o p m e n t of b lack alkali soils and t h e format ion of n a t r o n deposits 
in W a d i El -Nat run . SANDU (1962) a t t r i b u t e d the fo rma t ion of NaHCO., and N a , C 0 3 to t he 
su lpha t e reduction process under water- logged conditions. HORDEN WHITTING (1965) found 
t h a t t h e ra te of increase in exchangeable N a + was greatly increased by Na„S04 in t he presence 
of organic mat te r . The p r e s e n t study deals wi th the man i f e s t a t i on of the reduc t ion processes 
and t h e development of a lkal ini ty as a r e su l t of the water- logging of soil samples represen t ing 
al luvial , sandy and ca lca reous soils in E g y p t . 
Three soil samples were used in th i s s t u d y : a clay loam al luvia l soil f rom S a k h a in Kaf r 
E l -She ikh governorate , a h ighly calcareous soil f rom Mariout , a n d a sandy soil f r om Abo-Kaber 
in Sha rk iya Governora te . Some chemical a n d physical p roper t ies of the invest igated soils are 
shown in Table 1. 
Table 1 
Some physical and chemical properties of the investigated soils 
Soil pll 
Air-ilry sei % Mcchanical fractions % C. E. C. 
1/2.5 
T. s. s. S. P. О. M. Fe303 CaC03 clay silt sand 
Meq/100 g 
Clay-loam 8 . 2 0 0 . 2 4 69 1 . 0 3 1 .07 2 . 1 5 5 5 . 4 2 8 . 0 1 6 . 6 4 4 . 8 
Calcareous 7 . 9 0 0 . 2 3 39 0 . 8 6 0 . 7 2 4 0 . 0 3 1 . 4 3 .0 6 5 . 6 1 6 . 3 
Sandy 8 . 1 0 0 . 0 5 19 0 . 1 7 0 . 5 2 0 . 8 2 1 1 . 4 4 .0 8 4 . 6 9 . 6 
E a c h soil received th ree t r ea tmen t s , namely 0.5% K 2 SO, , 0.5% K2SO, -(- 2 % organic 
m a t t e r in the form of p o t a t o starch, and a control t r e a t m e n t receiving no a m e n d m e n t s . 150 g 
of each soil, passed t h r o u g h a 1.25 mm sieve, was mixed w ith 150 ml of C02-free disti l led water 
in a wide-mouthed b o t t l e . The bottles were stoppered and k e p t a t room t e m p e r a t u r e in a 
wooden cabinet . Two rep l ica tes from each t r e a t m e n t were analysed at in tervals of 12 hrs 
and 15, 45, 90 and 135 d a y s . The p H a n d the ox ida t ion- reduc t ion potent ia l were measured 
in soil suspension using a glass electrode a n d a p la t inum e lec t rode separately, in connect ion 
with a KCl-sa tura ted ca lomel electrode in a Beckman p H m e t e r . The E h readings were s tandar -
dized t o pH 7.0 (Eh 7). The soils suspens ion was f i l te red t h r o u g h a Büchner funne l and 
150 ml of the f i l t ra te w e r e collected using CO,-free distilled wa te r . The soil r ema in ing in t he 
funne l was air-dried a n d analysed for exchangeab le Na a n d К according to PIPER (1950). 
The e x t r a c t was ana lysed for CO., and H C 0 3 by t i t r a t ion w i t h 0.02 N K H S 0 4 , for su lpha te 
gravimetr ica l ly by p rec ip i t a t ion with BaCl , a f t e r the r emova l of sulphide, for su lph ide iodo-
m e t r i c a l l y ( T R E A D W E L L — H A L L 1 9 4 5 ) , a n d f o r C a a n d M g b y v e r s e n a t e . 
A third repl icate of each t r e a t m e n t in the alluvial soil was used for count ing t he most 
p robab le number of s u l p h a t e reducers according to ABD-EL-MALEK— RIZK. (1958) and for 
a t o t a l microbial count u s ing the s t andard p la te count m e t h o d of ALLEN (1949). 
A. Effect of teater-logging on chemical and microbiological changes in soil receiving no 
organic matter. Table 2 i l lus t ra tes the c h a n g e s in water-logged soils receiving no su lpha te and 
o rgan ic ma t t e r . The oxida t ion-reduct ion p o t e n t i a l of the ca lcareous soil showed a s h a r p decrease 
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( f r o m -j-444 to + 7 1 Mv) during the f i r s t t w o weeks of water- logging and showed slight changes 
t h r o u g h o u t . In s a n d y soil, the Eh , showed a gradual decrease all th rough t h e observat ion 
per iod (from + 3 6 8 to + 1 1 8 Mv). As fo r t he clay-loam soil, the Eli- level r e m a i n e d almost 
s t a b l e during the f i r s t t w o weeks, fol lowed by a gradual decrease unt i l the end of the experi-
m e n t a l period ( f rom + 3 7 6 to + 1 6 6 Mv) . 
The p H of t h e clay-loam soil decreased slowly t h r o u g h o u t the e x p e r i m e n t a l period, 
r e a c h i n g 6.95 a f t e r 135 days, while t h e s a n d y soil showed a small decrease du r ing the f i rs t 
t w o weeks and t h e n slowly rose again, r each ing the ini t ial p H by the end of t h e experiment 
( p H 7.7). The ca lcareous soil showed a s imilar t rend . T h e drop in p H va lue is known to be 
d u e t o organic acids re leased during t h e f e r m e n t a t i o n processes of organic m a t t e r under such 
water- logged anaerob ic conditions. A c h a n g e in the su lpha te con ten t of the soils was noticeable 
o n l y in the calcareous soil. I t decreased b y 5 3 % during t h e 4.5 months . However , SO J generally 
dec reased slightly in t h e other two soils. In all the soils, COg° and HCO^" t e n d e d to increase 
d u r i n g the 15 — 45 d a y period, followed b y a small decrease thereaf te r . This m a y be due to 
water- logging, which d i s tu rbs the microbia l equil ibrium in favour of su lpha te - reducers a f te r 
15 days . Soluble su lph ides decreased f r o m 0.33 to 0.03 ineq/100 g in bo th al luvial and sandy 
soils wi th in 4.5 m o n t h s of water-logging and exhibi ted a lmost the same p a t t e r n th roughou t 
t h e exper iments , i nd i ca t i ng their p rec ip i t a t ion as insoluble sulphides (mainly FeS). The soluble 
su lph ides in the ca lca reous soil were f ew a n d f luc tua t ing . The relatively large a m o u n t of sul-
p h a t e reduced and t h e comparat ively smal l amoun t of soluble sulphide r ema in ing in solution 
Table 2 
Chemical changes accompanying uater-logging in alluvial, sandy and 
calcareous soils 
Meq/100 g air-dry soil 
Soil 
T i m e 
in 
d a y s 
pH Eh, 
M v 
Soluble Anions 
Soluble 
cations 
co3™ H C O - SO 7 4 s - C a + + Mg+ + 
0 . 5 7 .92 + 3 7 6 — 0 . 6 7 1 .27 0 . 3 3 0 . 5 2 0 .29 
15 7 .45 + 3 6 9 Tr. 1 . 3 8 1 .20 0 . 3 3 0 . 5 2 0 . 3 4 
Clay-loam 4 5 7.25 + 2 9 2 Tr. 0 . 9 1 1 .10 0 . 0 1 0 . 4 3 0 .30 
9 0 7.05 + 2 6 1 Tr. 0 . 7 6 1 .20 0 . 0 1 0 . 4 0 0 .29 
1 3 5 6.95 + 1 6 6 
-
0 . 6 9 1 .08 0 . 0 3 0 . 4 0 0 .27 
0 . 5 7 .70 + 3 6 8 — 0 . 4 2 0 .15 0 . 3 3 0 . 3 9 0 . 1 6 
15 7 .37 + 2 9 9 — 0 . 6 7 0 .05 0 . 3 3 0 . 3 7 0 .17 
S a n d y 4 5 7 .40 + 1 8 5 — 0 . 7 5 0 .02 0 . 0 0 0 . 4 5 0 . 1 9 
9 0 7 .50 + 1 6 1 Tr. 0 . 7 6 0 .13 0 . 0 1 0 . 4 3 2 . 2 0 
1 3 5 7 .70 + 1 1 8 
-
0 . 5 7 0 .03 0 . 0 3 0 . 3 5 0 .22 
0 . 5 7 .75 + 4 4 4 — 0 . 5 0 2 .57 0 . 0 4 1 . 6 7 0 . 4 9 
1 5 7 .20 + 7 1 BB 0 . 8 4 2 .20 0 . 0 7 2 . 0 2 0 . 9 0 
Calcareous 4 5 7.15 + 2 3 Tr. 0 . 9 2 2 .07 0 . 0 3 1 . 4 3 0 . 7 9 
9 0 7 .30 + 3 3 — 0 . 8 4 1 .62 0 . 1 2 0 . 9 3 0 . 5 9 
1 3 5 7 .30 + 1 2 7 
— 
0 . 6 7 1 .20 0 . 0 8 0 . 6 7 0 . 7 6 
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Table 3 
Chemical changes accompanying water-logging in alluvial, sandy and 
calcareous soils which had received 
0.5% K 2 S 0 4 
Meq/100 g Air-dry soil 
Soil 
Time 
in 
days 
p H Eh, 
Mv 
Soluble Anions 
Soluble 
ca t ions 
CO J HCOT, SOJ= s= Си+ + Mg + + 
0.5 7.50 + 3 7 6 0.50 6.49 — 2.21 1.39 
15 7.32 + 349 Tr . 1.01 6.51 0.16 2.21 1.60 
Clay-loam 45 7.15 + 2 8 2 Tr . 0.69 5.73 0.01 2.13 1.30 
90 7.00 + 240 Tr . 0.57 5.75 0.01 1.85 1.46 
135 7.00 + 161 
— 
0.50 6.13 0.01 1.90 1.67 
0.5 7.67 + 3 8 2 — 0.59 5.68 — 1.60 0.73 
15 7.20 + 3 9 9 — 0.54 5.53 0.33 1.64 0.90 
Sandy 45 7.10 + 248 — 0.57 5.50 0.01 1.95 1.15 
90 7.05 + 138 Tr . 0.69 5.64 0.01 2.00 1.24 
135 7.40 + 199 
— 
0.57 5.20 0.03 1.80 1.25 
0.5 7.70 + 4 1 5 — 0.50 7.77 0.06 2.80 1.10 
15 7.15 - 1 1 — 0.92 7.58 0.05 2.73 2.02 
Calcareous 45 7.05 - 8 Tr . 1.17 7.75 0.06 2.94 1.89 
90 7.20 + 1 — 0.76 7.52 0.12 2.94 1.83 
135 7.20 + 119 
— 
0.50 7.45 0.02 2.47 1.98 
suggest i t s precipitat ion m a i n l y as FeS. T h e soluble Ca and Mg in t h e clay-loarn a n d sandy 
soils r e m a i n e d nearly c o n s t a n t all th rough t h e observat ion per iod. B u t in the ca lcareous soil, 
the f i gu re s of both cat ions showed a small increase within the f i rs t 2 weeks, followed b y a grad-
ual dec rease throughout . 
li. The effect of added sulphate. Table 3 shows the effects of water-logging in soils receiv-
ing 0 . 5 % KoSO,. The chemica l changes were v e r y similar when 0 . 5 % K , S 0 4 was a d d e d to the 
water - logged soils. The s l ight ly lower values fo r p H , carbonates and b icarbonates were probably 
due to t h e weakly acidic K 2 S 0 4 . The sl ightly higher values for soluble Ca and Mg were due to 
the e x c h a n g e of К for t hese cations. A compar i son of Table 2 and Table 3 indicates t h a t the 
addi t ion of soluble su lpha te wi thou t organic m a t t e r did not resu l t in any significant reduc t ion 
fea tu res in water-logged soil. 
C. Effect of organic matter on chemical changes in tcater-logged soils. Table 4 shows the 
chemical changes taking p lace in d a y - l o a m al luvial , sandy and calcareous soils when water-
logged for 4.5 months a t r o o m tempera tu re . All the soils received 0 . 5 % K 2 S0 4 and 2 % organic 
m a t t e r in t h e form of s t a r c h . 
T h e tab le shows t h a t t h e E h , of the a l luvia l soil was dras t ica l ly decreased f ront + 3 6 0 Mv 
af ter t w e l v e hours of water- logging to — 265 M v at the end of t w o weeks. This was fol lowed by 
a no t i ceab le increase in t h e E h , during t he m o n t h t h a t followed, t h e n a slow increase reaching 
+ 3 1 M v b y t h e end of t h e exper iment . T h e large drop in E h , dur ing the f i rs t two weeks is 
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Table 4 
Chemical changes accompanying water-logging in alluvial sandy and 
calcareous soils which had received 
0.5% K.,SO, + 2% starch 
Soil 
T ime 
in 
days 
p H E h , 
Mv 
Meq/100 g Air-dry soil 
Soluble Anions 
Soluble 
cations 
COJ HCO3 SOf s= Си+ + Mg+ + 
0.5 7.30 + 3 6 0 — 1.76 6.54 0.33 2.85 1.81 
15 6.05 — 265 Tr. 3.85 6.05 0.67 4.41 5.18 
Clay- loam 45 5.85 — 57 — 3.52 3.82 0.04 3.80 4.11 
90 6.00 — 46 0.25 4 .78 1.06 0.09 1.95 2.03 
135 6.75 + 31 Tr. 2.52 0.06 0.05 0.45 0.55 
0.5 7.10 + 345 Tr. 0.84 5.87 0.33 2.03 0.83 
15 5.80 + 91 — 2.85 5.31 0.50 4.06 2.72 
S a n d y 45 5.75 - 6 5 — 2.51 3.95 0.11 3.60 2.54 
90 6.15 — 74 0.38 3.08 1.48 0.14 2.35 0.84 
135 7.20 - 5 7 0.44 1.95 0.10 0.15 0.78 0.80 
0.5 7.30 + 4 — 0.92 7.84 0.08 3.07 1.44 
15 6.10 — 125 — 4.36 6.02 0.14 6.33 4.19 
Calcareous 45 6.30 - 2 8 Tr. 4.70 2.68 0.17 3.40 3.33 
90 7.35 - 43 Tr . 2.52 0.19 0.15 0.43 0.61 
135 7.60 + 55 Tr. 2.10 0.29 0.07 0.23 0.37 
be l i eved to be d u e t o t he ac t iv i t y of t h e aerobes c o n s u m i n g a t m o s p h e r i c o x y g e n to oxidize 
t h e organic m a t t e r . T h e higher c o u n t s of aerobes in t h e a l luv ia l soil c o m p a r e d w i t h the s a n d y 
soil explain t h e m u c h higher d r o p in E h 7 in the c l ay - loam soil in t he f i r s t t w o weeks. Tab le 4 
s h o w s t h a t the c h a n g e in the Eh 7 of t h e two soils d u r i n g t h e 4.5 m o n t h pe r iod exhib i t s a v e r y 
s imi l a r p a t t e r n . I n t h i s respec t MUKHOPADHYAY et al. (1967) ob t a ined s imi la r resul ts . The pre-
s e n t s tudy shows t h a t the mic rob i a l c o u n t s of aerobes r e a d i e d a m a x i m u m in the f i rs t t w o 
w e e k s and dec reased t h e r e a f t e r ( T a b l e 5). 
The ini t ia l r a p i d d rop in t h e E h 7 of the a l luvia l a n d ca lcareous soils m a y he expla ined 
o n t h e hasis of YAMANE-SATO'S (1968) work. T h e y p r o v e d t h a t such a d r o p in the EhT is 
c a u s e d by H , gas , w h i c h is a d e c o m p o s i t i o n p r o d u c t of t h e soluble sugar c o n t a i n e d in a i r -dr ied 
soils , since the H2— H + sys tem h a s a n E h 7 of 420 M v . T h e s u b s e q u e n t increase in EhT is 
p r o b a b l y due to t h e r e a b s o r p t i o n of t h e H 2 gas. In t h e p r e s e n t work , h o w e v e r , t he sandy soil 
s h o w e d a much s lower decrease in E h T . p r o b a b l y owing t o m u c h lower mic rob i a l ac t iv i ty . T h e 
p H of the al luvial a n d sandy soils l a r g e l y decreased d u r i n g t he f i r s t 45 d a y s , r each ing a mini -
m u m of 5.85 a n d 5.75 respec t ive ly , h u t increased t h e r e a f t e r r each ing 6.75 a n d 7.20 at the e n d 
of 4.5 months . T h e in i t ia l decrease in p H is due to t he p r o d u c t i o n of o rgan i c acids as a resu l t 
of organic m a t t e r decompos i t i on . T h i s is ev iden t since t he p H drop t a k i n g p lace in soils t r e a t e d 
w i t h 2 % s tarch ( T a b l e 4) was m u c h g r e a t e r t h a n t h e c o n t r o l t r e a t m e n t s (Tab le 2) and t h o s e 
r ece iv ing only 0 . 5 % K 2 S 0 4 (Table 3). Similar r e su l t s w e r e ob t a ined b y MAHAPATRA (1968). 
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Table 5 
The effect of K2SOt and starch addition to waterlogged clay loam soil on 
a microbial count 
T i m e 
in d a y s 
Microbial c o u n t X 10 '/g 
Treatment 
Tota l Sulphate 
reducers 
0.5 900 l 
15 1900 3 
Control 45 2000 7 
90 1600 8 
135 2400 11 
0.5 1400 2 
15 3800 3 
0 .5% h 2SO, 45 2600 2 
90 1800 2 
135 2700 6 
0.5 1100 3 
15 4100 49 
2 % Starch + 0.5% K 2 S 0 4 45 2800 85 
90 2500 1045 
135 1200 232 
Table 6 
Effect on the exchangeable cations of water-logging of clay-loam soil 
receiving 0.ö°0 K.,SOt and 2°/0 starch 
Time 
Control 0 . 5 % K , S 0 4 0 .5% K,SO, + 2% S ta rch . 
in days 
N a к Ca + Mg Na к Ca Í-Mg N a к C a + M g 
0.5 5.38 2.75 36.67 4.19 7.50 33.11 3.25 6.75 34.80 
15 5.10 2.88 36.82 4.03 7.25 33.52 3.56 7.25 33.99 
45 6.06 2.75 35.99 4.91 7.25 33.64 3.94 7.25 33.61 
90 6.06 2.88 35.87 5.00 7.75 32.05 4.25 7.50 33.05 
135 6.25 2.75 35.80 4.72 7.38 32.70 6.06 7.50 31.24 
The increase of pH in t h e l a t t e r stage of water- logging may be par t i a l ly due to t h e con-
sumption of t h e organic acids b y t h e sulphate r e d u c e r s as electron d o n o r s to reduce t h e sul-
phates which ac t as sources of ene rgy . The pH c h a n g e s in the ca lcareous soil present a s imilar 
pa t t e rn to t h a t of alluvial a n d s a n d y soils except t h a t the lowest v a l u e was reached ear l ier , 
i.e. after 15 d a y s . This is expec ted , since the F,h7 d r o p and the m a x i m u m bicarbonate p r o d u c t i o n 
and sulphate reduc t ion (Table 4) t ook place fas ter t h a n in the o ther t w o soils. 
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Carbona te and bicarbonate increased as the t i m e of water-logging progressed, r each ing 
a max imum a f t e r 3 months in a l luv ia l and sandy soils (5.03 and 3.46 meq /100 g soil respec-
t ively) , and decreased thereaf ter . I n t he calcareous soil the m a x i m u m accumula t ion of b ica r -
b o n a t e took p lace a f te r 15 — 45 d a y s a n d again decreased thereaf ter . T h e increase in c a r b o n a t e 
and b icarbona te is probably para l le led by the increase in su lpha te - reducers , which was indi-
ca ted by the deve lopment of an i n t e n s e black co loura t ion of ferrous su lph ide . Table 5 shows 
t h a t the count of sulphate-reducers progressively increased, reaching a max imum a f t e r 90 
days of water- logging in the a l luvia l soil. In this r e spec t , ABD-EL-MALEK RIZK (1963) f o u n d 
t h a t the t i t r a t a b l e alkalinity as a resu l t of su lphate reduct ion in a s y n t h e t i c medium is equ i -
valent to the a m o u n t of sulphate r e d u c e d , regardless of t h e strain v a r i a t i o n and energy source . 
Similar results were reported by OGATA HO WER (1965). The subsequen t decrease is be l ieved 
t o be due to t h e precipi ta t ion of t h e carbonates of Ca and Mg. This is ev iden t f rom T a b l e 4, 
which shows t h e increase of bo th soluble Ca and Mg w i t h the t ime of water- logging, due t o t h e 
decrease in p H a n d the solubil ization of the ca rbona t e s of such divalent ca t ions . Corresponding 
t o the m a x i m u m accumulat ion of COg° -j- I ICO^ , b o t h Ca and Mg s h a r p l y dropped and con-
t inued to decrease to well below t h e initial values . I t should be m e n t i o n e d here t h a t s u c h 
a decrease is n o t main ly a pH e f f ec t , since the final p l l values were c o m p a r a b l e with the in i t i a l 
values and even lower in the a l luvia l soil. However, t h e f inal concen t r a t ions of Ca and Mg in 
all three soils were very much lower t h a n the init ial values. 
A small reduct ion in su lpha t e w as observed d u r i n g the first t w o weeks of w ater- logging 
followed by s t r o n g reduction t o w a r d s t he end of t h e exper imenta l pe r iod (Table 4). It is i n t e r -
est ing to no te t h a t sulphate r e d u c i n g seems to be f a s t e r in the ca lcareous soil than in e i t he r 
clay-loam or s a n d y soils. For i n s t a n c e , 70°,, of t h e su lpha te present w a s found to d i s appea r 
in calcareous soil a f t e r 1.5 m o n t h s , compared to 42",, and 32%, for c l a y - l o a m and sandy soils 
respectively in t h e same period. Th i s was t rue despi te t h e fact that the ca lcareous soil c o n t a i n e d 
higher a m o u n t s of initial su lphate . At t he end of t h e exper imenta l pe r iod , i.e. after 4.5 m o n t h s , 
97.6 to 99.1% of the sulphate in all t h e soils was f o u n d to disappear. 
A compar i son between Tab le s 3 and 4 shows t h a t very little or no sulphate is r e d u c e d 
in soils receiving no organic m a t t e r a n d in which t he E h 7 remained r e l a t ive ly high, while a l m o s t 
all the su lpha te was reduced in soils receiving o rgan ic ma t t e r in a pe r iod of 4.5 m o n t h s of 
water-logging. T h e amount of soluble sulphide f o u n d in all the soil d u r i n g the e x p e r i m e n t 
was pract ical ly negligible if c o m p a r e d with the a m o u n t of SOJ reduced . The amount of eas i ly 
reduced iron was found to be 13.40, 9.0 and 6.5 meq /100 in alluvial, ca lca reous and sandy soils 
respectively, wh i l e the amoun t of su lpha te was 6.5, 7.8 and 5.7 m e q / 1 0 0 g in the r e spec t ive 
soils af ter t h e add i t ion of 0 .5% K 2 S 0 4 . This ind ica tes t h a t S= r e su l t ing f rom the r e d u c t i o n 
of sulphate was readi ly prec ip i ta ted b y the ferrous ions produced u n d e r such reducing condi -
tions, giving r ise to gley f o r m a t i o n wi th very l i t t le soluble S— lef t in solut ion. 
The exchangeab le Na of a l luvia l soil increased slightly in t h e ea r ly stages of w a t e r -
logging bu t l a rge ly increased at t h e end of the e x p e r i m e n t , namely f r o m 4.25 to 6.06 meq /100 g 
in the last 45 d a y s of the expe r imen t (Table 6). This large increase t o o k place after the soluble 
Ca and Mg h a d decreased cons iderably due to p rec ip i t a t ion as ca rbona tes . The exchangeable K . 
however, s l igh t ly increased f r o m 6.75 to 7.50 meq /100 g during t h e exper imenta l pe r iod . 
The exchangeable Ca + Mg were calculated as t h e difference b e t w e e n t he C. E. C. a n d t he 
exchangeable N a -f- K. The increase in exchangeable Na and К was na tu r a l l y accompanied 
b y an e q u i v a l e n t decrease in exchangeable Ca Mg. Similar r e s u l t s were ob ta ined b y 
OGATA —BOWER (1965) and JANITZKY (1967). T h e decrease in exchangeab le Ca + Mg was 
more ev ident in the la t ter s t ages of the expe r imen t , where they decreased f rom 33.05 to 
31.24 meq/100 g soil in the last 1.5 mon ths of t he exper iment . 
The a lkal i Mg soils in San-e l -Haga r and S h a l m a are believed t o be formed by a s imi la r 
mechanism, w h e r e CaC0 3 is p rec ip i t a t ed first , t h u s increasing the r e l a t i ve concent ra t ion of 
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Mg a n d N a in solut ion. These two ca t ions a r e adsorbed on t h e exchange si tes o c c u p y i n g higher 
po r t i ons of t h e ca t i on -exchange capaci ty . I t c a n be s ta ted t h a t o rganic m a t t e r a n d t h e microbial 
a c t i v i t y of t h e aerobes , fol lowed by the f l o u r i s h i n g of the su lpha te - reducer s , a r e t h e main fac-
to r s responsible for su lpha te - r educ t ion w i t h i ts cha rac te r i s t i c fea tures , n a m e l y t h e decrease 
in t h e o x i d a t i o n - r e d u c t i o n poten t ia l , t h e d e v e l o p m e n t of a lka l i n i t y , the d e c r e a s e in the sul-
p h a t e c o n t e n t and d i v a l e n t soluble and e x c h a n g e a b l e ca t ions , a n d the increase i n exchangeab le 
monobas i c ca t ions . 
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S T U D I E S ON T H E U T I L I S A T I O N O F P H O S P H O R U S 
B Y COTTON A T D I F F E R E N T S T A G E S 
O F G R O W T H U S I N G L A B E L L E D S U P E R P H O S P H A T E 
I t has been r e p o r t e d earlier t h a t t h e response of c o t t o n to p h o s p h a t e fer t i l i sa t ion is 
poor , depend ing on t h e m o d e of appl ica t ion (SAHNI — DHAR 1964, SINHA 1970) a n d t h e response 
to n i t rogen is va r iab le (SINGH 1967, SINHA et al. 1967). The p r e s e n t inves t iga t ion w a s therefore 
i n t e n d e d to s t u d y t h e r e sponse of c o t t o n t o p h o s p h a t e f e r t i l i s a t i on under d i f f e r e n t modes of 
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app l i ca t i on us ing label led s u p e r p h o s p h a t e a t d i f f e ren t s t ages of g rowth wi th a n d w i t h o u t t he 
c o m b i n a t i o n of n i t rogen a n d po ta s s ium in o r d e r t o f ind out i t s m a x i m u m u t i l i s a t i o n . The d a t a 
on t h e g r o w t h and yield i n th i s i nves t iga t ion w a s r epor t ed ea r l i e r (SINHA et al. 1967). 
C o t t o n var ie ty H - 1 4 (G. hirsutum) w a s g rown in 5 .48 X 6 . 0 9 m plots a t t h e A g r o n o m y 
Divis ion of t h i s I n s t i t u t e d u r i n g 1964 and 1965 t o a c c o m m o d a t e seven rows 75 c m a p a r t hav ing 
20 p l a n t s in each row a t a spac ing of 20 c in . T h e ro t a t i on w a s co t t on -oa t s , w h e r e 20 kg N per 
ha were app l i ed to t h e o a t s each year . L a b e l l e d single s u p e r p h o s p h a t e (33 k g P. ,05 per ha ) 
was app l i ed in c o m b i n a t i o n w i t h two doses of n i t rogen (56 a n d 112 kg N per h a ) or 112 kg 
N ± 56 k g K , 0 per h a w i t h th ree m e t h o d s of p l acemen t ( s u r f a c e app l i ca t ion , 7.62 cm and 
12.70 c m be low the s u r f a c e in a single b a n d ) in a r a n d o m i z e d block design c o n t a i n i n g f ive 
rep l ica t ions . Ni t rogen a n d p o t a s h were a p p l i e d b roadcas t . N i t r o g e n was also a p p l i e d alone in 
two doses t o s tudy its e f f e c t separa te ly . 
S a m p l e s were c o l l e c t e d at 3, 6, 9 a n d 12 weeks a f t e r sowing and a n a l y s e d for to ta l P 
co lor imet r ica l ly by t h e v a n a d o m o l y b d a t e m e t h o d (KOENIG- JOHNSON 1942) a n d for radio 
ac t ive P b y t h e m e t h o d of MACKENZIE —DEAN (1950). 
T h e p H of the soil w a s 7.8 and c o n t a i n e d 0 .48% o r g a n i c c a r b o n and 196, 13 a n d 206 kg 
per h a ava i l ab l e N, P 2 0 5 a n d K 2 0 r e spec t ive ly . 
A n o t h e r field e x p e r i m e n t was c o n d u c t e d in which c a r r i e r - f r e e P 3 2 w a s a p p l i e d to the 
roots of c o t t o n p lants a t d i f f e r e n t radii a n d d e p t h s in order t o f i n d out the m a x i m u m u p t a k e 
of P 3 2 b y t h e roots . F o r t h i s purpose , t w o va r i e t i e s of c o t t o n (H-14 and R 2 3 l ) we re grown 
in t h r e e rep l ica tes . 16/tc of P 3 S (carr ier-free) w a s applied 3 w e e k s a f t e r sowing a r o u n d the roo ts 
of each p l a n t u n i f o r m l y a t a r ad ius of 10 c m , 20 cm a n d 30 c m . The leaves w e r e regular ly 
h a r v e s t e d a f t e r every w e e k a n d a u n i f o r m p o r t i o n of t he l ea f was direct ly a s s a y e d for P 3 2 
ac t iv i ty . 
Concentration of P in the cotton plants. T h e s t a t i s t i ca l ana lys i s of d a t a o n t h e co t ton 
p l a n t for t h e t w o years ( T a b l e 1) reveals t h a t t h e c o n c e n t r a t i o n of phosphorus as m g / g mate r ia l 
a t d i f f e r e n t s tages of g r o w t h w a s not g r ea t l y a f f e c t e d by t h e d i f f e r e n t t r e a t m e n t s , a n d in some 
cases t h e e f f e c t was not u n i f o r m . However , in m o s t cases, t h e e f f e c t was not s i g n i f i c a n t in ei ther 
of t h e y e a r s . The m o d e of appl ica t ion ( b r o a d c a s t or p l a c e m e n t ) of the p h o s p h o r u s did not 
affect t h e c o n c e n t r a t i o n of P in the p l an t . T h e p h o s p h o r u s c o n c e n t r a t i o n as m g / g m a t e r i a l was 
f o u n d t o he higher a f t e r 3 w e e k s ' growth t h a n a f t e r 6 weeks ' grow th . I t was also obse rved t h a t 
the c o n c e n t r a t i o n of P in t h e s tem was low as compared t o t h a t of t he leaf or t h e f lo ra l p a r t s 
of t h e p l a n t s . Ni t rogen or p o t a s s i u m had n o e f f ec t . 
T h i s s t u d y s u g g e s t s t h a t t he c o t t o n p l a n t does no t r e s p o n d f a v o u r a b l y t o phospha t i c 
fer t i l iser or its mode of a p p l i c a t i o n in i t s p h o s p h o r u s c o m p o s i t i o n , and t h e a b s o r p t i o n of P 
f r o m t h e soil is be t t e r a t t h e ini t ia l g r o w t h s t a g e of the p l a n t . 
Phosphorus derived from applied fertiliser. P h o s p h o r u s d e r i v e d f r o m t h e a p p l i e d fert i l iser 
was s ign i f i can t ly a f f e c t e d b y t r e a t m e n t s a t d i f f e r en t s t ages of g r o w t h a n d in t h e dif ferent 
pa r t s of t he co t ton p l a n t in b o t h the years ( T a b l e 2). Only w h e n p h o s p h a t e was a p p l i e d w as the re 
a s ign i f i can t ly f a v o u r a b l e r e sponse , while n i t r o g e n had no e f f e c t . The f a v o u r a b l e response b y 
p l a c e m e n t of the p h o s p h a t i c fert i l iser e i t h e r 7.62 cm or 12.70 c in below t h e soil surface w a s 
m a r k e d l y h igher t h a n t h a t of surface a p p l i c a t i o n a t all s t a g e s of g rowth and in d i f f e r e n t p l an t 
p a r t s ( s t e m , leaf and f l o r a l ) in b o t h the y e a r s , t h e r e b y s u g g e s t i n g t h a t the u t i l i s a t i o n of phos-
pha t i c fe r t i l i se r when a p p l i e d below the s u r f a c e is more e f f e c t i v e t h a n when a p p l i e d b roadcas t . 
This sugges t s t h a t p h o s p h o r u s , being i m m o b i l e , is e f f ic ien t ly a b s o r b e d by p l a c e m e n t near t h e 
roo t zone . T h e response d u e t o p l acemen t w a s similar a t d i f f e r e n t stages of g r o w t h except in 
t he case of f lora l p a r t s a f t e r 12 w'eeks' g r o w t h , where t h e p e r c e n t a g e of p h o s p h o r u s derived 
f r o m t h e appl ied p h o s p h o r u s was s l ight ly lower , r ang ing f r o m a b o u t 10 to 1 7 % , in place of 
t he n o r m a l 15 to 2 7 % . I t w a s also obse rved t h a t increasing t h e n i t rogen dose o r t h e addi t ion 
of p o t a s s i u m had no e f f e c t in increasing t h e eff ic iency of u t i l i s a t i on of a p p l i e d p h o s p h a t e . 
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Table 1 
Effect of different treatments on the concentration of P in the cotton plant at different stages of growth for the years 1964 and 1965 
(mgjg plant material-average of 5 replicates) 
T r e a t m e n t s (a) 
С 
Nt 
N 2 
N , P , 
N , P , 
N t P 3 
N 2 P , 
N 2 P 2 
N 2 P 3 
N I K P , 
N Ö K P , 
N I K P ; 
Treatments 
SEM 
С. D . ( 5 % ) 
Combination VS Rest 
SEM 
С. D„ ( 5 % ) 
N 
SEM 
С. D . ( 5 % ) 
P 
SEM 
С. D . ( 5 % ) 
NXP 
SEM 
С. D . ( 5 % ) 
Rest 
SEM 
С. D . ( 5 % ) 
* ' F ' t es t s ignif icant a t the 5 % l e v e l 
** *F' tes t s ignif icant a t t he 1% level 
NS N o t s ignif icant 
С Central 
N , 56 kg N/ha 
N2 112 kg N/ha 
К 56 kg K„0 /ha 
P , Broadcas t 
P , 7.62 cm below surface 
P 3 12.70 cm below surface 
(phosphorus dose 33 kg P 2 0 5 8 ha) 
Flora l 
1964 1966 1964 1965 1964 1965 1964 1965 1964 1965 1965 
3.66 2.67 2.48 2.52 2.87 1.95 1.66 0.98 3.68 1.91 4.00 
3.63 3.02 2.52 2.27 2.49 2.00 1.69 0.99 3.27 1.98 4.29 
3.74 3.28 2.66 2.50 2.84 2.03 1.90 0.92 3.91 1.82 4.27 
3.85 3.13 2.46 2.40 2.93 2.13 1.96 0.97 4.24 2.00 3.80 
3.75 3.00 2.70 2.47 2.83 1.97 2.08 0.93 3.72 2.15 4.01 
3.74 2.89 2.89 2.36 2.74 1.97 1.86 1.15 3.60 2.16 4.27 
3.74 2.51 2.51 2.48 2.78 1.86 1.94 0.98 3.76 1.95 3.96 
3.81 2.76 2.74 2.40 2.82 2.02 2.09 1.06 3.57 2.22 4.20 
3.58 3.07 2.44 2.38 2.57 2.03 2.04 1.03 3.64 1.97 4.01 
3.54 2.84 2.46 2.43 2.87 1.96 1.90 1.02 3.91 1.96 4.34 
3.76 2.87 2.76 2.32 2.86 1.83 1.96 1.12 3.76 2.09 4.30 
3.70 3.30 2.80 2.37 2.85 1.92 2.12 1 . 0 0 3.59 2.06 4.33 
0.092 0.156 0.101 0.134 0.138 0.093 0.084 0.066 0.220 0.080 0.169 
N S 0.433* NS NS NS NS 0.233** N S NS 0.221* NS 
0.038 0.064 0.041 0.055 0.056 0.038 0.034 0.027 0.090 0.033 0.069 
NS NS N S N S N S NS 0.095** NS NS 0.090* NS 
0.053 0.09 0.058 0.077 0.079 0.054 0.048 0.038 0.127 0.046 0.098 
NS NS NS NS N S NS NS NS NS NS NS 
0.065 0 . 1 1 1 0.071 0.095 0.097 0.066 0.059 0.047 0.155 0.056 0.120 
N S NS N S NS NS N S N S N S NS 0.156* NS 
0.092 0.156 0.101 0.134 0.138 0.093 0.084 0.067 0.220 0.080 0.169 
NS 0.433* N S N S N S N S NS NS N S NS NS 
0.092 0.156 0.101 0.134 0.138 0.093 0.084 0.067 0.020 0.080 0.169 
NS 0.433* NS NS NS NS 0.233** NS NS N S NS 
Table 2 
Effect of applied phosphorus on the fraction of total P in the cotton plant derived from fertilizer at different stages of growth 
for the year 1964 and 1965 (expressed as percentage-average of 5 replicates) 
9 weeks 
12 weeks 
Treatments (a) 
л weeks 0 weeks 
Stem Leaf Korat Floral 
1964 1965 1964 1965 1964 1965 1964 1965 1964 1965 1965 
N , P , 
N , P „ 
N , P ; 
N 2 P I 
N„P., 
NJP. , 
N I K P , 
N Ö K P , 
N J K P . , 
4 . 25 
16 .62 
2 0 . 1 1 
4 , 9 4 
15 .36 
19 .55 
4 . 9 1 
1 4 . 6 3 
18 .63 
2 .12 
19 .55 
24 .52 
2 .54 
7 .09 
24 .60 
2 .23 
15 .48 
23 .57 
5 .08 
15 .47 
2 1 . 4 3 
5 .94 
15.28 
2 1 . 0 9 
5 .17 
15 .04 
18 .30 
1 .60 
18.55 
2 6 . 7 3 
1.72 
17.13 
2 6 . 8 3 
19.4 
16 .60 
2 3 . 2 7 
4 . 8 7 
15 .24 
19 .38 
5 . 5 4 
16.69 
2 1 . 3 6 
5 .42 
15 .88 
17 .98 
2 .47 
17 .45 
2 1 . 2 4 
3 .72 
2 0 . 7 0 
2 6 . 0 1 
2 . 4 4 
18.87 
2 2 . 1 2 
6 . 4 4 
16 .39 
20 .01 
6 . 3 6 
1 5 . 2 3 
17 .65 
7 . 3 1 
16 .38 
14 .85 
5 . 8 6 
18 .06 
2 1 . 5 3 
6 .52 
17 .09 
2 1 . 4 4 
8 . 0 0 
2 0 . 8 4 
15 .61 
5 .80 
16 .50 
2 0 . 2 3 
6 .56 
15 .63 
17 .91 
6 .78 
16.38 
14 .72 
5 .22 
18.71 
2 3 . 1 6 
5 . 7 4 
16 .81 
2 2 . 7 3 
7 . 1 7 
2 0 . 1 3 
16 .09 
7 .22 
14.96 
13 .46 
6 .62 
14 .28 
17 .05 
5 . 9 4 
17.61 
10 .03 
Treatments 
S E M 
С. D . ( 5 % ) 
1 .468 
4 . 0 7 0 * * 
3 .289 
9 . 1 1 6 * * 
1 .483 
4 . 1 1 2 * * 
2 . 7 0 8 
7 . 5 0 6 * * 
1 .217 
3 . 3 7 3 * * 
2 . 2 3 7 
6 . 4 7 8 * * 
1 .025 
2 . 8 4 0 * * 
2 . 3 3 1 
6 . 4 6 0 * * 
1 .141 
3 . 1 6 4 * * 
2 .532 
7 . 0 1 9 * * 
1 .420 
3 . 9 3 7 * * 
Combination VS Rest 
S E M 
С. D . ( 5 % ) 
0 . 5 9 9 
N S 
1 .343 
N S 
0 . 6 0 6 
N S 
1 .101 
N S 
0 . 4 9 7 
N S 
0 . 9 5 4 
N S 
0 . 4 1 8 
N S 
0 . 9 5 1 
N S 
0 . 4 6 6 
N S 
1 .0337 
N S 
0 . 5 8 0 
N S 
N 
S E M 
С. D . ( 5 % ) 
0 . 8 4 8 
N S 
1 .899 
N S 
0 . 8 5 6 
N S 
1 . 5 6 3 
N S 
0 . 7 0 2 
N S 
1 .349 
N S 
0 . 5 9 2 
N S 
1 . 3 4 6 
N S 
0 . 6 5 9 
N S 
1 .462 
N S 
0 . 5 2 0 
N S 
P 
S E M 
С. D . ( 5 % ) 
1 .038 
2 . 8 7 8 * * 
2 . 3 2 6 
6 . 4 4 6 * * 
1 . 0 4 9 
2 . 9 0 7 * * 
1 .915 
5 . 3 0 8 * * 
0 . 8 6 0 
2 . 3 8 5 * * 
1 .652 
4 . 5 8 0 * * 
0 . 7 2 5 
2 . 0 0 8 * * 
1 .648 
4 . 5 6 8 * * 
0 .807 
2 . 2 3 7 * * 
1 .791 
4 . 9 6 3 * * 
1 .004 
2 . 7 8 4 * * 
NXP 
S E M 
С. D . ( 5 % ) 
1 .468 
N S 
3 .289 
N S 
1 . 4 8 3 
N S 
2 . 7 0 8 
N S 
1.217 
N S 
2 .337 
N S 
1 .025 
N S 
2 . 3 3 1 
N S 
1 .141 
N S 
2 .532 
N S 
1 .420 
N S 
REST 
S E M 
С. D . ( 5 % ) 
1 .468 
4 . 0 7 0 * * 
3 . 2 8 9 
9 . 1 1 6 * * 
1 .483 
4 . 1 1 2 * * 
2 . 7 0 8 
7 . 5 0 6 * * 
1 .217 
3 . 3 7 3 
2 . 3 3 7 
6 . 4 7 8 * * 
1 .025 
2 . 8 4 0 * * 
2 . 3 3 1 
6 . 4 6 0 * * 
1 .141 
3 . 1 6 4 * * 
2 .532 
7 . 0 1 9 * * 
1 .420 
3 . 9 8 7 * * 
** ' F ' t e s t s i g n i f i c a n t a t t h e 1 % l eve l 
N S N o t s i g n i f i c a n t 
( a ) T r e a t m e n t s a s i n d i c a t e d in T a b l e 1 
Table 3 
Uptake of Ря2 (cpm) by the roots of the cotton plant during 1964 and 1966 (Average of 3 replicates) 
P a a applied at d i f férent radii 
(R) and deph t s (D) (a) 
1st week 2nd week 3rd week 4 th week 5tb week 6 th week 
1964 1965 1964 1965 1964 1965 1964 1965 1964 1965 1964 1965 
Variety H-14 
R 4 D 2 
R , D 3 
R E D J 
RÖD, 
R 2 D ; 
1.153 
2.086 
1.330 
0.640 
1.096 
0.506 
2.083 
2.990 
1.690 
0.780 
1.530 
0.660 
2.820 
8.130 
2.606 
1.993 
2.680 
2.186 
4.243 
10.477 
4.026 
1.873 
2.687 
2.123 
4.496 
12.926 
5.370 
2.893 
4.656 
3.720 
6.677 
17.593 
9.063 
2.907 
7.200 
5.927 
3.180 
10.150 
4.130 
2.833 
4.853 
3.506 
4.123 
13.620 
7.000 
4.223 
7.663 
3.883 
2.760 
8.163 
3.326 
2.206 
3.576 
2.770 
4.253 
10.287 
5.613 
2.433 
5.920 
2.803 
1.470 
2.353 
1.483 
1.050 
1.623 
1.053 
2.036 
3.980 
1.666 
1.423 
2.227 
1.412 
Variety R 231 
R J D , 
R , D „ 
R , D 3 
R.,DJ 
R J X 
R 2 D 3 
0.980 
2.243 
1.400 
0.620 
0.930 
0.440 
1.396 
4.190 
3.630 
0.600 
0.869 
0.320 
2.153 
7.810 
2.136 
1.693 
3.713 
1.820 
2.230 
10.723 
6.380 
1.387 
4.174 
1.500 
3.270 
10.626 
4.236 
2.240 
2.780 
2.177 
2.470 
12.207 
8.580 
1.773 
2.693 
1.790 
1.123 
6.317 
3.457 
1.510 
2.423 
1.637 
1.040 
5.936 
4.330 
1.436 
2.266 
1.686 
1.347 
7.747 
2.853 
1.420 
1.873 
1.240 
2.017 
4.853 
3.716 
1.333 
1.730 
1.273 
1.013 
3.327 
1.913 
0.940 
1.483 
1.147 
1.727 
3.570 
2.130 
1 . 0 0 0 
1.530 
1.393 
Treatments 
SEM 
С. D . ( 5 % ) 
0.118 
0.346** 
0.441 
1.293** 
0.297 
0.873** 
0.576 
1.638** 
0.381 
1.119* 
0.883 
2.590** 
0.423 
1.240** 
0.556 
1.630** 
0.277 
0.811** 
0.476 
1.395** 
0.328 
0.962** 
0.250 
0.773** 
Variety 
SEM 
С. D . ( 5 % ) 
0.048 
N S 
0.180 
N S 
0.121 
N S 
0.235 
N S 
0.156 
0.457** 
0.361 
1.057** 
0.173 
0.506** 
0.227 
0.666** 
0.113 
0.331** 
0.194 
0.570** 
0.134 
B S 
0.102 
N S 
Doses 
SEM 
С. D . ( 5 % ) 
0.083 
0.245** 
0.312 
0.914** 
0.210 
0.617** 
0.407 
1.193** 
0.270 
0.791** 
0.624 
1.832* 
0.299 
0.877* 
0.393 
1.153** 
0.196 
0.574** 
0.336 
0.987** 
0.232 
0.680** 
0.177 
0.518** 
VXD 
SEM 
С. D . ( 5 % ) 
0.118 
N S 
0.441 
1.293** 
0.297 
NS 
0.567 
1.688* 
0.381 
NS 
0.883 
N S 
0.423 
1.240* 
0.556 
1.630** 
0.277 
0.811** 
0.476 
1.395** 
0.328 
N S 
0.250 
N S 
R a d i u s 
(a) R t — 10 cm 
D e p t h 
D j — 10 c m 
D, 20 c m 
* ' F ' t es t s ignif icant a t the 5 % level 
** ' F ' t e s t s ignif icant a t the 1% level 
N S No t s igni fcant 
•к 
w 
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Uptake of P'J- by roots. T h e u p t a k e of P : ' 2 b y t he roo t s w a s s igni f icant ly a f f e c t e d when 
(he p h o s p h o r u s was app l i ed a t d i f fe ren t radi i a n d d e p t h s d u r i n g t h e g rowth of t h e c o t t o n p l an t 
(Table 3). S ign i f i can t v a r i e t a l d i f ferences w e r e obse rved b e t w e e n t h e 3 week and 5 w e e k g rowth 
s tages a n d t h e va r i e ty H - 1 4 p r o v e d to h a v e a b e t t e r response. T h e u p t a k e was m a x i m u m a f t e r 
3 weeks ' g r o w t h a t a r a d i u s of 10 cm and a d e p t h of 20 c m in b o t h t h e var ie t ies in b o t h t he 
years , t h e r e b y suggest ing t h a t the a b s o r p t i o n b y c o t t o n r o o t s is m o s t e f f ic ient a f t e r place-
m e n t n e a r t h e root zone a t t h i s s tage of g r o w t h . 
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T H E E F F E C T O F B - N I N E O N G R O W T H O F D A T U R A M E T E L I.. 
I n t h e l i t e ra tu re c e r t a i n tr ials dea l ing w i t h the r e sponse of g r o w t h in p l a n t s be longing 
t o t h e g e n u s Datura to v a r i o u s grow th r e g u l a t o r s have been r e c o r d e d (e. g. B-995, A l a r , S A D H ) . 
I t s h o u l d lie recognized, h o w e v e r , t h a t t h e r e is a t p resen t i n s u f f i c i e n t evidence b e a r i n g on the 
in f luence e x e r t e d in this r e s p e c t due to В - 9 . T h e few p u b l i c a t i o n s avai lable in t h i s connec t ion 
were e v e n s h o w n in mos t cases to deal w i t h species o ther t h a n Datura metel. ILL s u c h s tudies , 
the e f f e c t of B-9 on g r o w t h genera l ly a p p e a r e d t o be of an a d v e r s e n a t u r e (SCIUCHETTI- BORN 
1965 on D. tatula, SCIUCHETTI — ITURRIAN 1965 on D. innoxia). 
T h e p resen t w o r k a i m e d a t s t u d y i n g t h e effect of B-9 on cer ta in a s p e c t s of g rowth 
in D. metel. As t he m a n n e r of t r e a t i n g the p l a n t s w i th g r o w t h r e g u l a t o r s could p r o b a b l y deter-
mine t h e n a t u r e of t h e r e s p o n s e shown in t h i s respec t , t h e B - 9 was suppl ied t o t h e p lan t s 
t h r o u g h o u t t h i s i n v e s t i g a t i o n b y two m e t h o d s . One of t h e m d e p e n d e d u p o n s o a k i n g t h e seeds 
before s o w i n g in t he g r o w t h subs t ance e m p l o y e d , whereas in t h e second, t he s a m e c o m p o u n d 
was a d d e d to t he p l an t s a s a fol iar spray . 
T h i s s t u d y was c a r r i e d ou t on Datura metel in the 1970 season , t hen r e p e a t e d in t ha t 
of 1971, in t h e F a r m of t h e B o t a n y L a b o r a t o r y , Na t iona l R e s e a r c h Centre, Cai ro . 
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The seeds were sown in seed-beds on March 23rd in both seasons . The seedlings were 
t r a n s p l a n t e d , one mon th a f t e r sowing, into clay p o t s (25.4 cm in d i ame te r ) con ta in ing f resh 
Nile silt and sand in the p ropor t i on of 3 : 1. The m i x t u r e of fer t i l izers was added in t h e fo rm 
of 4 g a m m o n i u m sulphate, 5 g superphospha te a n d 2 g potassium s u l p h a t e per po t . I n b o t h 
seasons, t h e r e were four repl ica tes for each of t h e concentra t ions ( t r ea tmen t s ) u sed . E v e r y 
repl icate was represented by 7 po t s , each conta in ing two more or less homogeneous p l a n t s at 
t he s ta r t of exper imenta t ion . The replicates were arranged in a c o m p l e t e randomized block 
design. 
B-9 (succinic ac id-2 ,2-dimethyl-hydrazide) was applied in b o t h seasons b y one of 
the following methods : 
1. Spraying: The seedlings were sprayed twice , the first s p r a y i n g being 3 weeks a f te r 
t r an sp l an t i ng , whereas the second was one week l a t e r . Spraying was carr ied out us ing a small 
pressure p u m p . Jus t sufficient of t he solution was sp rayed to cover t h e p lan t foliage comple te ly 
un t i l it began to drip. 
2. Soak ing : the seeds were soaked for 12 h o u r s before sowing in the growth regula-
tor used. 
For b o t h types of appl ica t ion , four B-9 concent ra t ions were employed: 0 (cont ro l ) , 
250, 1000 and 4000 ppm (in distil led water). 
The es t imat ion of p lan t he ight (main s t e m ) as well as c o u n t i n g the number of e i ther 
b ranches or leaves (per p lan t ) were carried out in b o t h seasons a t 7 -day intervals, beg inn ing 
f r o m the 11 t h week af ter sowing in t he case of e i ther p l an t height or n u m b e r of leaves, a n d f rom 
t h e 13th week a f te r sowing in t h e case of the n u m b e r of branches. I n addit ion, th ree samples 
f r o m each t r e a t m e n t were t a k e n a t about one m o n t h intervals. The f i r s t was harves ted a t la te 
vege ta t ive g rowth (about 84 d a y s f rom p lan t ing) , t h e second s a m p l i n g took place dur ing 
f lower -bud opening (the f ru i t - se t lias not yet b e g u n a t tha t t ime) , whereas the t h i r d sample 
was t a k e n dur ing f ru i t m a t u r a t i o n (meanwhile, t h e sampling p l a n t s might still c a r r y some 
flowers t h a t h a d not yet set f ru i t s ) . At the f irs t sampl ing date (in b o t h seasons), e igh t p l an t s 
f r o m four po t s were used, whereas a t both the second and thi rd sampl ing dates, f o u r p lan t s 
f r o m four d i f fe ren t pots were t a k e n . The roots were carefully c leaned f r o m sand and silt par-
ticles. E a c h p l an t was separa ted in to leaves, s t ems including la tera l branches , and r o o t s . The 
de tached organs were oven-dried a t 105°C for 24 hours , then the d r y weight was d e t e r m i n e d . 
The d a t a presented in Tab les 1, 2 and 3 ind ica te tha t b o t h t h e increase in h e i g h t and 
n u m b e r of b ranches per p lan t general ly appeared to be increased t h r o u g h o u t ontogenesis due 
t o spraying wi th the 250 p p m concent ra t ion of B-9, though the r e v e r s e proved to be t r u e in 
t he case of t h e 4000 ppm concen t r a t ion , when app l i ed in the same m a n n e r . As to t he n u m b e r 
of leaves per p l an t , however , the response shown t o spraying wi th B-9 proved to d e p e n d , in 
p a r t , u p o n p l a n t age. Till a b o u t t he I5 th week f r o m sowing, t he di f ferences noticed in this 
respect were statist ically ins igni f icant , whereas l a t e r , a s t imula t ion was generally observed 
a t b o t h the 250 and 1000 p p m levels, par t icular ly t h e former. On t h e o ther hand, w h e n using 
B-9 in a n y concent ra t ion as a soaking med ium, t h e above-ment ioned growth c r i t e r i a (i.e. 
increase in height , number of branches /p lan t a n d number of l eaves /p lan t ) were genera l ly 
enhanced , t hough the superior concent ra t ion p roved in each case t o h e a function of p l a n t age. 
Thus , a t t he relat ively early per iod (till about t he 13th—15th weeks a f t e r sowing), t h e highest 
s t imula t ion was shown at the 1000 ppm level, w h e r e a s later it occu r r ed a t the 250 p p m level. 
Concerning the changes indica ted in d ry we igh t shown in T a b l e 4, it might be p re fe rab le 
to compare t he values ob ta ined a t the last s ampl ing da te only (i.e. a t the f ru i t m a t u r a t i o n 
stage). This would seem to be of more benefi t in showing how t h e d i f fe ren t t r e a t m e n t s wi th 
t he g rowth subs tance employed were able to a f fec t t h e net accumula t ion of dry ma t t e r t h r o u g h -
out t he g r o w t h period. Such va lues (Tables 4 a n d 5) revealed t h a t t h e applicat ion of B-9, 
e i ther as a sp ray or as a soaking medium, t e n d e d in most cases t o lower the dry we igh t of 
10* Acta Agronomica Academiae Scietitiarum Hungaricae 27, 1978 
1 4 6 V A R I A 
Table 1 
Average plant height of D. metel plants (cm/plant) 
P l a n t age 
U-4 
cone. i l 12 13 14 
(ppm) 
a ь a ь a ь a ь 
1970 
0 7 .5 4 . 7 11.8 8 . 9 18.9 1 2 . 0 23 .9 1 7 . 9 
250 11 .1 6 . 7 14.7 1 6 . 3 23 .0 2 6 . 8 29 .0 3 1 . 4 
1000 10.0 8 .2 13.6 1 8 . 0 18.7 2 9 . 2 23 .1 3 0 . 1 
4 0 0 0 7 .7 5 .5 10 .4 8 . 8 13.9 1 4 . 6 18.7 1 9 . 0 
at 5% level N . S. 1.4 1.8 2 . 6 3.1 8 . 9 2 .9 3 . 1 
1971 
0 16.6 1 0 . 6 25 .4 19 .5 29 .6 2 4 . 5 32.6 3 0 . 1 
250 17.6 1 8 . 2 26 .6 2 8 . 4 29.5 2 9 . 6 33.6 3 6 . 8 
1000 17.2 2 1 . 5 24 .1 3 0 . 0 27.2 3 4 . 2 31.2 3 6 . 8 
4 0 0 0 16.6 1 5 . 7 23 .9 2 2 . 6 25 .6 2 9 . 4 30.9 3 2 . 0 
at 5% level N . S. 2 . 3 1.8 2 . 9 2 .3 2 . 0 1.6 3 . 2 
a = spraying; b = soaking 
T a b l e 2 
Average number of branches per plant 
P l a n t a g e 
B-9 
cone, 
(ppm) 
13 14 15 
a ь a ь a ь 
1970 
2.5 1.3 3.3 2.0 4.8 2.3 
3.1 0.0 3.2 2.0 7.0 4.0 
2.0 3.2 2.0 4.9 3.3 6.0 
2.0 2.0 2.0 4.7 2.7 5.7 
N . S. 0.7 0.8 2.4 2.3 2.2 
1971 
4.9 3.7 5.3 4.6 6.5 4.9 
4.7 7.0 6.7 6.9 7.3 8.5 
4.4 7.2 5.0 7.3 6.4 9.4 
4.1 5.0 4.7 5.7 5.7 6.8 
N . S. 0.8 0.6 1.7 N . S. 1.7 
0 
250 
1000 
4000 
L . S. D. at 5% level 
0 
250 
1000 
4000 
L . S. D. at 5% level 
a = spraying; b = soaking 
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as affected by different B-H treatments 
(weeks f rom sowing) 
15 16 17 18 19 
* 
b a Ь u Ь a b a Ь 
season 
2 6 . 8 2 6 . 1 2 8 . 1 2 9 . 1 2 9 . 6 3 0 . 0 3 0 . 2 3 7 . 7 3 3 . 5 5 3 9 . 5 
3 8 . 2 3 6 . 0 4 1 . 6 3 8 . 5 4 7 . 6 4 2 . 1 5 6 . 6 4 8 . 1 6 1 . 6 4 9 . 4 
2 7 . 8 3 3 . 7 3 0 . 8 3 4 . 0 3 2 . 9 35 .2 3 7 . 4 3 9 . 7 4 0 . 6 4 1 . 5 
2 4 . 5 2 7 . 3 2 7 . 1 3 1 . 0 2 7 . 7 33 .4 2 9 . 6 3 8 . 5 31 .0 4 0 . 6 
6 .1 3 .7 5 . 3 6 . 7 7 .2 7 .1 5 .6 N . S . 6 .6 N . S . 
season 
3 4 . 9 3 4 . 0 3 5 . 6 3 6 . 1 3 9 . 4 38 .2 4 0 . 0 4 0 . 1 4 3 . 2 4 3 . 7 
3 6 . 2 4 1 . 3 3 9 . 4 4 5 . 3 4 1 . 2 4 9 . 0 4 4 . 5 5 0 . 7 47 .0 5 6 . 2 
3 4 . 0 3 9 . 7 3 6 . 9 4 2 . 2 3 8 . 5 4 6 . 4 3 9 . 3 4 7 . 4 4 2 . 3 5 1 . 8 
3 2 . 9 3 7 . 3 3 3 . 3 3 9 . 2 3 5 . 1 4 2 . 0 3 5 . 9 4 2 . 8 3 6 . 6 4 8 . 6 
N . S . 3 .5 N . S . 3 . 4 3 .4 3 . 3 2 .7 5 .7 4 . 0 4 . 8 
in D. metel as affected by different B-'J treatments 
weeks from sowing) 
16 17 18 19 
a 
ь a 
Ь a b a b 
season 
6 .6 4 . 9 7 .0 5 . 7 7 .7 7.6 9 . 8 1 0 . 7 
8 .0 8 . 6 14 .0 1 0 . 3 2 1 . 5 10 .3 2 2 . 7 12 .0 
5 .3 7 . 1 8 .4 7 .7 1 3 . 3 9 .8 1 4 . 0 11 .2 
4 . 3 6 . 2 6 .7 6 . 7 7 . 0 8 .6 8 . 3 10 .7 
2 .0 2 . 0 2 .7 2 .7 7 .1 2.7 4 . 3 N . S . 
season 
8 . 0 5 . 9 9 .7 6 . 4 1 1 . 5 9 .9 1 2 . 6 1 0 . 3 
8 . 5 1 4 . 4 10 .1 1 5 . 9 1 2 . 6 24 .5 1 5 . 7 2 4 . 8 
7 .2 1 0 . 0 8 .1 11 .7 9 . 6 15 .3 1 1 . 3 1 6 . 1 
6 . 3 8 . 8 7 .5 10 .7 9 . 1 13 .3 9 . 3 1 4 . 4 
1 .4 2 . 6 0 .9 1 .7 2 . 1 5.7 1 .0 5 . 0 
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Table 3 
Average number of leaves per plant 
B - 9 
r o n e . 
( p p m ) 
P lan t age 
11 l 2 13 14 
a b a ь a b a b 
1970 
0 5 .3 5.7 8.0 7.2 11.1 8.3 13.9 9.0 
250 5.6 5.9 10.4 8.8 11.7 11.1 14.2 12.0 
1000 5.8 6.4 9.4 9.6 11.0 11.7 12.7 11.8 
4000 5.0 5.7 7.8 6.7 10.0 8.9 11.0 10.0 
L . S. D. a t 5 % level N . S. N. S. N . S. 1.4 N. S. 1.5 N. S. 1.4 
1971 
0 8.8 8.0 13.8 11.5 14.2 13.8 18.7 15.6 
250 9.6 8.4 14.8 14.7 15.1 15.7 20.8 21.3 
1000 9.3 9.7 13.0 15.4 13.7 15.9 19.7 19.0 
4000 9.4 9.1 11.6 13.7 12.7 14.5 17.7 18.6 
I, S. D. a t 5 % level N . S. 1.0 N . S. 1.7 N. S. N . S. N . S. 2.7 
a = s p r a y i n g ; b = soak ing 
leaves, s t e m s a n d roots , as l o n g as the 4000 p p m c o n c e n t r a t i o n w a s used , t h o u g h t h e reverse 
proved t o b e t r u e with r e g a r d t o t he o ther t w o levels , p a r t i c u l a r l y t h e 250 p p m level . 
Our r e s u l t s showed t h a t B - 9 in low c o n c e n t r a t i o n s could g e n e r a l l y s t i m u l a t e p l a n t grow th 
whe the r a p p l i e d by sp ray ing or soaking. H o w e v e r , a t high levels, t h e same s u b s t a n c e seemed 
t o b e h a v e e i t h e r as a s t i m u l a n t or as a r e t a r d a n t , t h i s being a f u n c t i o n of t h e g r o w t h aspect 
concerned as well as the m e t h o d of app l i ca t ion . 
T h a t s h o o t g rowth c o u l d he enhanced b y B-9 was r e p o r t e d in t he l i t e r a t u r e , t h o u g h 
i n f r e q u e n t l y (HOKE BOSE 1968 on some Hibiscus spp . and Malvaviscus conzattii). I n t h e same 
connec t ion . LAVSEN (1967) i n d i c a t e d t h a t B-9 h a d no dwar f ing e f f e c t on Datura p l a n t s . 
On t h e o t h e r hand , t h e r e t a r d i n g ab i l i ty of B-9 on he igh t inc rease , obse rved in some of 
our t r e a t m e n t s , is in a c c o r d a n c e w i th the f i n d i n g s of m a n y i n v e s t i g a t o r s (JAMES — SCIUCHETTI 
1964 on Datura innoxia, SCIUCHETTI—BORN 1965 on Datura tatula, MITLEHNER 1968 on 
Chrysanthemum morifolium, JASA et al. 1971 o n Salvia splendens, KATO 1972 on c u c u m b e r ) . 
The o b t a i n e d suppress ion in p l a n t height seems t o h a v e resu l ted f r o m a decrease in i n t e r n o d e 
l eng th a n d / o r t h e n u m b e r of i n t e r n o d e s . The r e d u c t i o n in i n t e r n o d e l e n g t h due t o B-9 appl ica-
t ion was o b s e r v e d in c e r t a i n s t u d i e s , e.g. b y BATJER et al. (1964) o n apples , pe a r s a n d sweet 
cherries a n d b y JAFFE — ISENBERG (1965) a n d KATO (1972) o n c u c u m b e r . T h e i n t e r n o d e 
in i t ia t ion w a s also shown in t h e las t i n v e s t i g a t i o n to be r e t a r d e d u n d e r the s a m e cond i t ions . 
T h e i n h i b i t i o n in height i nc r ea se , not iced in t h e p resen t s t u d y , m i g h t f u r t h e r be r e g a r d e d as 
t h e response of t h e auxin level in p l a n t t issues t o B-9 t r e a t m e n t s . I n t h i s respect , REED — MOORE 
(1965), in e x p e r i m e n t s w i t h p e a s , a t t r i b u t e d t h e g r o w t h r e t a r d i n g e f f ec t of B-995 t o t h e for-
ma t ion of 1 , 1 - d i m e t h y l h y d r a z i n e in vivo: th i s h y d r a z i n e h a v i n g a s t r o n g inh ib i t ing a c t i o n on 
t r y p t a m i n e o x i d a t i o n by e p i c o t y l h o m o g e n a t e . T r y p t a m i n e is r e g a r d e d as one of t h e possible 
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in D. metel as affected by different B-9 treatments 
(weeks f rom sowing) 
15 I 16 17 I 18 19 
A ь » ь A ь A b A , B 
season 
1 4 . 4 1 2 . 4 1 4 . 6 1 3 . 4 1 6 . 8 1 5 . 5 1 8 . 5 2 4 . 4 1 9 . 3 2 6 . 4 
1 7 . 6 1 4 . 4 2 5 . 8 1 5 . 6 3 9 . 7 1 7 . 1 4 9 . 6 2 7 . 0 5 2 . 5 2 9 . 4 
1 6 . 5 1 4 . 0 1 9 . 3 1 4 . 8 2 3 . 3 1 6 . 0 2 4 . 8 2 6 . 1 3 1 . 0 2 7 . 0 
1 2 . 1 1 3 . 2 1 4 . 8 1 4 . 5 1 5 . 8 1 5 . 8 1 8 . 0 2 5 . 7 2 3 . 0 2 6 . 0 
N . S . N . S . 4 . 0 N . S . 5 . 5 N . S . 8 . 1 N . S . 7 . 7 N . S . 
season 
2 2 . 5 1 8 . 4 2 2 . 6 2 0 . 0 2 4 . 3 2 3 . 5 2 4 . 9 2 4 . 7 2 7 . 8 2 9 . 5 
2 4 . 8 2 9 . 1 2 5 . 8 3 2 . 2 3 0 . 2 4 2 . 6 3 2 . 5 5 1 . 7 3 4 . 3 6 0 . 2 
2 2 . 0 2 1 . 4 2 2 . 8 2 3 . 9 2 6 . 4 2 9 . 2 2 8 . 2 3 1 . 7 3 3 . 0 3 9 . 4 
2 1 . 9 2 1 . 4 2 2 . 4 2 2 . 9 2 3 . 3 2 6 . 3 2 4 . 1 2 7 . 6 2 6 . 7 3 2 . 2 
N . S . 5 . 2 2 . 6 4 . 8 5 . 3 6 . 1 3 . 4 7 . 0 N . S . 4 . 5 
in te rmedia tes in auxin fo rma t ion . I t might be t h o u g h t t h a t a s imilar re ta rd ing ac t ion of B-9 
on auxin f o r m a t i o n ( through t h e inhibited o x i d a t i o n of t r y p t a i n i n e t o indoleaceta ldehyde) 
might have occurred in our t r e a t e d plants , bu t only a t relatively high concentra t ions , exceeding 
a certain cr i t ica l value. F u r t h e r m o r e , it seems t h a t , a t any given level of B-9 applied to p l an t s , 
the a m o u n t of th is compound reach ing the shoot cells was a func t ion of the method used . The 
internal concen t ra t ion a t t a ined in the case of sp r ay ing with the h ighes t B-9 level a p p e a r s to 
have exceeded t he critical va lue , t h u s the s tem e longa t ion was t h e n r e t a r d e d . 
I t m i g h t he pointed o u t f u r t h e r t ha t a g r e a t deal of research showed the suppress ing 
effect of B-9 on dry ma t t e r accumula t ion in p l a n t s , a type of f i n d i n g wi th which the resu l t s 
obtained a t t h e f ru i t m a t u r a t i o n s tage, when using high levels of th i s compound , are in agree-
ment. A m o n g s t the publ icat ions available in th i s respect are those of (SCIUCHETTI 1967) on 
Datura innoxida and (MITLEHNER 1968) on Chrysanthemum morifolium. Ye t , in our s t u d y , t he 
low B-9 concen t ra t ions were shown to lead to a n increase in the d r y weight . T h a t a g iven 
growth inh ib i to r can s t imulate g rowth at low concent ra t ions , whereas a t high concen t r a t ions 
growth is i nh ib i t ed , has been r epor t ed by JAMES — SCIUCHETTI (1964). 
I n a d d i t i o n , it might be poin ted out t h a t , according to our r e su l t s , there were ce r ta in 
instances w h e n a given t r e a t m e n t could affect t h e var ious growth charac te r s of p l an t differ-
ently. This w a s obvious when considering the r e sponse of both height increase and d ry m a t t e r 
accumula t ion in stems in t he case of soaking t he seeds in the high B-9 concentra t ion . As pre-
viously m e n t i o n e d , the former cha rac te r appeared t o he positively a f f ec t ed , whereas t he reverse 
was t rue w i t h regard to the l a t t e r one. The possibi l i ty t h a t the d ry we igh t per un i t l e n g t h of 
stem could be reduced compared to the control d u e to B-9 appl ica t ion has been r e p o r t e d by 
M I T L E H N E R ( 1 9 6 8 ) . 
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Table 4 
Dry weight of D. metel plants (g/plant) as affected by B-9 treatments 
Developmenta l stage Lute vege ta t ive 
g r o w t h 
Flower-bud 
opening 
Fruit m a t u r a t i o n 
Plant 
organ 
B-9 cone, 
(ppm) 
Spray-
ing Soaking 
Spray-
ing Soaking 
Spray-
ing Soaking 
1970 season 
0 2.6 0.9 7.4 4.6 9.2 9.8 
Leaves 250 3.1 0.9 7.4 6.3 19.8 11.1 
1000 2.7 1.2 
— 
5.0 11.2 9.9 
4000 1.1 0.9 5.7 5.0 8.4 8.1 
L. S. I), at 5 % level 0.4 N . S. N. S. 1.0 2.8 N. S. 
0 0.5 0.2 3.3 1.9 7.1 7.2 
Stems 250 0.7 0.2 3.4 3.1 17.0 7.8 
1000 0.6 0.3 
— 
2.8 14.5 7.5 
4000 0.2 0.2 2.0 2.2 7.6 6.7 
L. S. D. at 5 % level 0.3 0.1 0.4 N. S. 1.9 N. S. 
0 0.6 0.2 3.1 1.9 6.2 5.4 
Roots 250 0.8 0.2 2.9 3.0 8.0 5.6 
1000 0.7 0.3 — 2.6 6.8 5.5 
4000 0.3 0.2 2.8 2.5 4.7 3.7 
L. S. D. at 5 % level 0.2 N. S. N. S. N. S. 1.7 N . S. 
1971 season 
0 3.6 2.4 8.2 7.1 7.4 7.5 
Leaves 
250 4.0 3.3 8.8 12.4 8.2 16.6 
1000 3.6 3.7 8.3 8.0 8.1 9.4 
4000 3.5 3.1 7.4 7.3 5.0 5.2 
L. S. D. at 5 % level N. S. N. S. N. S. 3.0 1.8 2.8 
0 1.9 0.8 6.9 4.2 9.1 10.2 
Stems 
250 2.6 1.6 7.8 9.4 11.3 22.3 
1000 2.1 2.0 7.0 5.8 9.1 12.6 
4000 1.6 1.4 5.7 4.7 6.1 6.9 
L. S. D. at 5 % level 0.7 1.0 N. S. 0.8 1.9 1.6 
0 1.5 0.6 5.4 3.3 6.4 7.0 
Roots 
250 2.9 0.9 7.3 5.2 8.4 10.6 
1000 1.5 1.6 7.3 3.6 6.4 7.9 
4000 1.3 1.1 3.8 3.5 4.6 4 .0 
L. S. D. at 5 % level N. S. N. S. 1.5 0.9 1.6 1.0 
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T a b l e 5 
и'Dry eight of D. metel plants at fruit maturation stage as of control, i.e. 0 ppm 
as affected by B-'J treatments 
P l a n t organ 
B-9 conc . 
(ppm) 
1970 season 1971 season 
Spraying Soaking S p r a y i n g Soak ing 
250 215.22 113.27 110.81 221.33 
L e a v e s 1000 121.74 101.02 109.46 125.33 
4000 91.30 82.65 67.57 69 .33 
250 239.44 108.33 124.18 218 .63 
S t e m s 1000 204.23 104.17 100.00 123.53 
4000 107.04 93.06 67.03 67.65 
250 129.03 103.70 131.25 151.43 
B o o t s 1000 109.68 101.85 100.00 112.86 
4000 75.81 68.52 71.88 57.14 
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* 
PÁL, GY.: Besides yielding ability it is resistance to infect ious fungi that primarily determines 
the yield of a wheat variety today. Should — in your opinion — resistance to infect ious 
fungi be genetically incorpc rated in the wheat varieties of the future or should only the 
yielding be increased, l eav ing the control of infect ious fungi to plant protection, w h e n 
it would be solved by us ing chemical agents, tak ing into consideration the f i n a n c i a l 
aspects of the latter? 
В ALLA, L.: C o m p l e x res is tance will h a v e to be bui l t in t o the wheat v a r i e t y of the f u t u r e , w h i c h 
will t hen m a k e it possible to g r o w wheat w i t h o u t chemica l c o n t r o l . Of the wheat d i s e a s e s 
p r e v a l e n t in H u n g a r y , t h e d e v e l o p m e n t of c o m p l e x res is tance t o powdery mi ldew a n d 
s tem a n d leaf r u s t is b o t h theore t ica l ly and p r a c t i c a l l y possible. F o o t diseases a re m o r e 
dif f icul t t o overcome b e c a u s e of me thodo log ica l problems. 
Chemica l p lan t p r o t e c t i o n is a necessary evi l in ag r i cu l tu r e , which mus t be a v o i d -
ed as m u c h as possible. I n f a c t , for the f u n g a l whea t d iseases occur r ing in H u n g a r y 
no e f f i c i en t , economical m e t h o d s of chemical c o n t r o l are k n o w n . These m e t h o d s h a v e 
not been deve loped 
a) because the r e s i s t a n c e level of the p r e s e n t variet ies e n a b l e s reliable p r o d u c t i o n t 
b ) f o r reasons of e n v i r o n m e n t a l a n d h u m a n toxicology, 
c) d u e to the i m p r a c t i c a b i l i t y and e x p e n s i v e n e s s of c o n t r o l . 
R e s u l t s a t t a i ned in w h e a t breeding d u r i n g the las t f e w years also r e p r e s e n 
progress in breeding for r e s i s t ance . The w h e a t va r i e ty M a r t o n v á s á r 5, for e x a m p l e , 
is only s l igh t ly infected b y p o w d e r y mi ldew, a n d the newer v a r i e t i e s are e x p e c t e d to 
be inc reas ing ly res i s t an t t o disease. 
ВЕКЕ, F. : I n t h e per iod to c o m e y ie ld rel iabi l i ty wil l p lay an i nc r ea s ing role beside p o t e n t i a l 
y ie ld ing a b i l i t y . P a t h o g e n s t h a t can be c o n t r o l l e d th rough seed dressing ( U s t i l a g i n e s . 
Fusarium, ear ly p o w d e r y mi ldew, etc.) do n o t represent a b r e e d i n g prob lem, h u t in 
the c o n t r o l of those p a t h o g e n s which a p p e a r in t h e second ha l f of t he vege ta t ion p e r i o d , 
b r eed ing fo r res i s tance will a lways have a p a r t to play. On l a r g e areas, with a n a r r o w 
t ime f a c t o r , overal l p r o t e c t i o n becomes u n c e r t a i n even a t a h i g h technical level a n d 
us ing l a r g e quan t i t i e s of m a t e r i a l s . 
BELEA, A.: T h e cond i t ions u n d e r w h i c h hered i ta ry p r o p e r t i e s are m a n i f e s t e d have la te ly b e c o m e 
know n in an increasing n u m b e r of cases, a n d t h e corre la t ion b e t w e e n their d e v e l o p m e n t 
and t h e e n v i r o n m e n t a l c o n d i t i o n s has b e e n disclosed. M a n y diseases which d a m a g e 
w h e a t a n d t h e i nhe r i t ance of the i r b io types a r e known. In í ny opinion, a still g r e a t e r 
e m p h a s i s should be la id in t h e f u t u r e on g e n e t i c me thods of deve lop ing disease r e s i s t -
ance in t h e new va r i e t i e s (specific and g e n e r i c crossing, a d d i t i o n and s u b s t i t u t i o n , 
m u t a t i o n , etc .) . 
Chemica l s u b s t a n c e s a re not likely t o e v e r give pe r fec t p ro tec t ion a g a i n s t in fec -
t ious f u n g i . In these d a y s , w h e n e n v i r o n m e n t a l p ro tec t ion is a n u r g e n t problem al l ove r 
the a f t e r - e f f e c t s of c h e m i c a l agen t s mus t he k e p t in mind as wel l as the f inancia l a s p e c t s 
of t h i s m e t h o d of d i seases con t ro l . 
Bócz , E. : I n t h e course of b r e e d i n g for res is tance h i g h e r biological r e s i s t ance to f u n g a l infec-
t ions h a s to he i n c o r p o r a t e d in the f u t u r e w h e a t var ie t ies . L ln fo r tuna te ly , p r o t e c t i o n 
wi th t h e chemica l s u b s t a n c e s now ava i lab le is still u n s u c c e s s f u l . 
CSONTOS, M.: I n b r e e d i n g w i n t e r w h e a t s c o n t i n u e d emphas i s shou ld he laid on r e s i s t a n c e t o 
in fec t ious f u n g i , bes ides increas ing the y i e l d i n g abil i ty. T h e a d v a n t a g e s of v a r i e t i e s 
r e s i s t a n t to f u n g a l i n f e c t i o n can he g rouped as follows: 
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a) The present disease control technology does not y e t give full p ro tec t ion . 
I t needs f u r t h e r improvement . Seed dressing, as well as spraying du r ing the vege ta t ion 
period, b o t h s imultaneously w i t h weed killing a n d at the t ime of f lowering, are a t pre-
sent the mos t impor tan t m e t h o d s of p lant p ro tec t ion . These o p e r a t i o n s do not ensu re 
suff ic ient pro tec t ion in every case (e.g. if the s t a n d is too dense, if the env i ronment is 
too hot and moist , or if t he r e are un favourab l e weather condi t ions) . New chemical 
subs tances should be tes ted , t he effectiveness should be increased , and the w a y in 
which these more efficient pest ic ides are appl ied should be i m p r o v e d . If chemicals of 
higher eff iciency are used t he f requency of mechanica l plant p r o t e c t i o n work m a y be 
decreased. These trials and t he in t roduct ion of new chemicals requi re lengthy a n d 
expensive research which can be dispensed w i t h by using res i s tan t varieties. 
h) The solution of t he ever more u rgen t problem of e n v i r o n m e n t a l pro tec t ion is 
ex t remely i m p o r t a n t and wou ld be great ly promoted by a r educ t ion in chemica l 
disease control . 
c) Yield averages charac te r i s t i c of the var ie t ies are more rel iably stabilized b y 
using res i s tan t varieties, since even the most pe r fec t plant p ro tec t ion technology m i g h t 
fail in the case of unfavourab le wea ther condi t ions . B u t it is unde r un favourab le w e a t h e r 
condi t ions tha t infections occur mos t readily, a n d this always r e s u l t s in yield r educ t ion . 
I t follows t h a t , though breeding for resistance t a k e s a great deal of t ime , the rea l iza t ion 
of res is tance to fungal in fec t ion will involve a stabilization of y ie ld averages a n d a 
reduc t ion in the outlay for chemicals , thus m a k i n g it more f a v o u r a b l e than chemica l 
disease control alone. Therefore , in my opinion, t h e above me thod is the right so lu t ion . 
ERDEI, P . : The ut i l iza t ion of genetical ly established yie ld ing ability in w h e a t varieties is de t e r -
mined — t h o u g h not pr imar i ly — by their res is tance to infect ious diseases. One of t h e 
main objec t ives of breeders is to develop the genetic resistance of varieties by us ing 
var ious res is tance sources. 
Owing to the high va r iab i l i ty of pa thogen ic fungi, however , race-specific resist-
ance, which can he a t t a ined compara t ive ly easily and quickly, does not give las t ing 
resul ts in mos t cases. 
Overal l resistance, t h o u g h theoretically possible, is very di f f icul t to realize in 
pract ice as it is a polygenetic character . The work is t ime-consuming, but the resu l t 
are more las t ing. 
The numerous modern var ie t ies known t o d a y are more or less tolerant to infec-
t ion by pa thogens , which is w h y this " fo rm of res is tance" appear s in practical resu l t s . 
Knowing the high va r i ab i l i t y of pa thogen ic fungi, the d i f f i cu l ty of developing 
resistance, t he significant in f luence of the env i ronmenta l fac tors which determine t h e 
suscept ibi l i ty of plants and t h e higher susceptibi l i ty associated w i t h increased yielding 
abil i ty in the varieties, I a m convinced t h a t chemical plant p r o t e c t i o n is, and will 
con t inue to be necessary. 
KÁDÁR, A.: I t would be advan tageous if the high y ie ld ing wheat var ie ty of the fu ture were t o 
possess res is tance to all pes ts a n d pathogens. However , for well known reasons, t h i s 
is un imaginab le . In the case of a new variety I t h i n k it impor tan t t o incorporate gene t ic 
resistance to those pa thogens which cannot he controlled wi th t h e present m e t h o d s 
of p lan t p ro tec t ion , or only w i t h repeated t r e a t m e n t s , e.g. rus ts , p o w d e r y mildew, e tc . 
K i s s , A.: One of the bases of yield re l iabi l i ty in w h e a t varieties is r e s i s t ance or tolerance to 
infectious fung i . P lant breeders a n d geneticists will therefore p lay a n extremely impor -
t a n t role in developing the w h e a t varieties of the fu tu re . They will have the t a sk of 
incorpora t ing the minor and m a j o r resis tance-carr ier genes into t h e new resistant a n d 
to lerant variet ies . This m e t h o d , a l though it imposes a heavy b u r d e n on the genet ic is ts 
and breeders , will be a cheaper a n d bet ter so lu t ion t h a n protect ion w i t h highly ef f ic ient 
bu t very expensive chemicals which , in add i t ion , cause env i ronmen ta l pollution. 
KOLTAY, A.: The work of wheat b reed ing will only be successful if higher y ie ld ing ability — t h e 
ma in objec t ive of wheat b reed ing — is coupled wi th resistance t o disease. Var ie t ies 
res is tant to all pa thogens c a n n o t be imagined, b u t the breeders m u s t certainly t ry t o 
a t t a i n res is tance at least to diseases which c a n n o t yet be control led with chemicals . 
Occasionally the resistance of t he var ie ty , even when genetically incorpora ted , is only 
t e m p o r a r y , because a new race of t he pa thogen usua l ly develops f r o m which pro tec t ion 
on a genet ic basis is no longer ensured. In spi te of this, wheat b reed ing should m a k e 
every e f for t to produce var ie t ies in which h igher yielding abi l i ty is coupled wi th in-
creased resis tance, par t icular ly to diseases which can be controlled chemically only to 
a l imited e x t e n t , if a t all. 
Exper ience shows t h a t t h e disease res is tance of wheats is h igh ly varied, ind ica t ing 
t h a t res is tance can be genet ical ly incorporated in the variety. P r o t e c t i o n from diseases 
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which c a u s e m u c h t r o u b l e in cer tain yea r s ( F u s a r i u m , Cercosporella. Helminthosporium 
etc.) is on ly possible a t p r e s e n t with r e s i s t a n t , or at least t o l e r a n t variet ies. T h e pos-
sibil i t ies of controll ing m a n y o ther diseases a r e also l imited a n d v e r y expensive, so gene t i c 
r e s i s t a n c e to a great v a r i e t y of fungal d i seases i nco rpo ra t ed i n t h e new var ie t ies wou ld 
be a p r o m o s i n g so lu t ion t o t h e whea t g r o w i n g prob lems . 
KÜKF.DI, E . : Res i s t ance to f u n g a l diseases m u s t b e inco rpo ra t ed i n t h e whea t var ie t i es of the 
f u t u r e . R e s i s t a n t and t o l e r a n t variet ies i n c r e a s e t he re l iab i l i ty a n d economic e f f i c i ency 
of p r o d u c t i o n and dec rea se t h e differences b e t w e e n the yield a v e r a g e s of plots a n d f a r m s . 
The i n c o r p o r a t i o n of r e s i s t a n c e is also j u s t i f i e d by the c h a n g e d cu l tu ra l p r a c t i c e s . The 
high n u m b e r of weed s e e d s fall ing to t h e g r o u n d , the large v o l u m e of s t r a w , s t u b b l e 
a n d r o o t r emains , the u n n e c e s s a r i l y h igh r a t e of n i t rogen f e r t i l i z a t i o n , the dense s t a n d s , 
etc . all p rov ide , d i rec t ly o r indi rec t ly , f a v o u r a b l e condi t ions f o r pa thogens , p a r t i c u l a r l y 
for i n f e c t i o u s fungi . T h e d a n g e r of ep idemics is f u r t h e r i n c r e a s e d by incorrect c u l t u r a l 
p r a c t i c e s a n d wea ther f a v o u r a b l e to f u n g a l p a t h o g e n s . A c c o r d i n g to the wide expe r i ence 
of r e s e a r c h e r s and f a r m e r s , var ie t ies su scep t ib l e to the f u n g a l diseases mos t f r e q u e n t 
in H u n g a r y (Cercosporella herpotrichoides F r o n , Erysiphe graminis DC. f. sp . tritici 
E m . M a r c h a i , Fusarium. s p p . , Ophiobolus graminis Sacc., Puccinin graminis P e r s . f. sp. 
tritici E r i k s s et H e n n ) s u f f e r e d cons iderab le d a m a g e in t h e r a i n y springs of 1970 and 
1975. I n these two y e a r s t h e na t ional y ie ld ave rages were 5.8 a n d 5.3 q /ha lower t h a n 
in t h e p r e v i o u s year . I n y e a r s with d ry s p r i n g s (1971, 1973, 1976), on the o t h e r h a n d , 
the y i e ld averages s h o w e d a n ab rup t i nc r ea se , due ma in ly t o t h e absence of i n fec t ion 
by f u n g i . T rue , in d r y y e a r s weeds do no t cause as much d a m a g e ei ther, and e v e n h a r -
v e s t i n g losses are s m a l l e r , never theless , t h e h ighes t yield losses can be a t t r i b u t e d to 
f u n g a l pa thogens . 
T h e easiest, m o s t re l iab le and m o s t economical w a y of p ro tec t ing p l a n t s f r o m 
fung i is t o grow r e s i s t a n t a n d to le ran t v a r i e t i e s . More t h a n o n e of the c u r r e n t l y g rown 
va r i e t i e s owes its p o p u l a r i t y not only to i ts h igh yielding a b i l i t y b u t p r i m a r i l y to its 
disease res i s t ance . O t h e r var ie t i es ( R e z o s t a v a 1, Avrora , K a v k a z and their d e r i v a t i v e s ) , 
on t h e o t h e r hand , a r e b e i n g replaced m a i n l y because of t h e i r suscept ib i l i ty to diseases , 
a l t h o u g h t h e y have s o m e h ighly va luab le p roper t i e s . R e l i a b i l i t y of yield is cons ide red 
to be a v e r y i m p o r t a n t r e q u i r e m e n t in p r a c t i c e . 
Rreed ing for n o t h i n g h u t y ie ld ing ab i l i t y does no t s a t i s f y the d e m a n d s of t he 
f a r m e r s . N e w var ie t ies a r e expec ted to b e r e s i s t an t , or a t l e a s t to le rant , to t h e mos t 
f r e q u e n t f u n g a l d iseases . H o w e v e r , r e s i s t a n c e or to lerance t o al l funga l diseases c a n n o t 
as y e t b e genetical ly i n c o r p o r a t e d in t h e n e w variet ies , so i t will he imposs ib le t o dis-
pense w i t h chemical c o n t r o l . Never the less , it would he w r o n g to rely exc lus ive ly on 
chemica l p l a n t p r o t e c t i o n . T h e p rob lem c a n u l t ima te ly he s o l v e d by growing r e s i s t an t 
va r i e t i e s a n d by u t i l i z ing t h e possibili t ies of agro technica l a n d chemical disease con t ro l , 
t h a t is, b y in tegra ted p l a n t p ro tec t ion . 
LÁNG, G.: R e s i s t a n c e to t he m a j o r diseases h a s a l w a y s been a n d wi l l r emain in t h e f u t u r e a 
ve ry i m p o r t a n t t a sk of w h e a t breeding. W i t h the inc reas ing in tens i ty of p r o d u c t i o n 
it will b e c o m e i m p e r a t i v e f o r wheat v a r i e t i e s to be r e s i s t a n t , because this is one of the 
bases f o r a t t a in ing r e l i a b l y high yield levels . The i m p o r t a n c e of chemical c o n t r o l is 
also o n t h e increase, b u t t h i s can only b e appl ied e f f i c i en t l y a n d economical ly if the 
c u l t i v a t e d var ie ty is n o t suscept ib le . I t is t h u s a mis take t o c o n s i d e r res is tance b r eed ing 
a n d c h e m i c a l p lant p r o t e c t i o n as a l t e r n a t i v e s . 
LELLEY. J . : T h e mos t e f f i c ien t m e t h o d of p r o t e c t i o n aga ins t p a t h o g e n s is p reven t ion . F o r the 
t i m e be ing there are n o fungic ides w i th w h i c h the a p p e a r a n c e of s tem r u s t , leaf r u s t 
a n d p o w d e r y mi ldew c a n b e p reven ted , a l t h o u g h these a re t h e most d a n g e r o u s p a t h o -
gens of whea t . The r e s u l t s of e x p e r i m e n t s p e r f o r m e d so f a r a re not ve ry p r o m i s i n g . 
Chemica l s can only b e u s e d aga ins t the p a t h o g e n s m e n t i o n e d w h e n the disease s y m p t o m s 
h a v e a l r e a d y a p p e a r e d . T h i s means t h a t i n t e r v e n t i o n m u s t b e carried o u t in a very 
shor t t i m e on a large a r e a , wh ich involves t e c h n i c a l d i f f i cu l t i e s a n d considerable e x p e n s e , 
whi le t h e resul t is n o t a t all cer tain b e c a u s e t h e wea the r m a y p r e v e n t the d e v e l o p m e n t 
of t h e p ro tec t ive e f f e c t . I t m u s t also be cons ide red w h e t h e r i t is wise to increase chemi-
z a t i o n a n y fu r the r . 
H e r e d i t a r y p a t h o l o g i c a l res is tance is, on the o the r h a n d , an ef f ic ient m e a n s o f 
p r e v e n t i o n , and does n o t c o n t a m i n a t e t h e e n v i r o n m e n t . T h e r e is no inverse co r re l a t ion 
b e t w e e n t he degree of r e s i s t ance and y i e l d i n g abi l i ty and o t h e r economic p r o p e r t i e s . The 
p a t h o g e n s change, h o w e v e r , so p e r m a n e n t success can on ly b e expected w i t h wel l -con: 
s idered a n d organized, c o n t i n u o u s w o r k . H e r e d i t a r y r e s i s t a n c e is only e f f i c i en t if the 
gene t i c changes in t h e p a t h o g e n s are fo l l owed wi th c o n s t a n t a t t e n t i o n , and if t h e t r end 
of t h e change is f o r e c a s t e d th rough i n t e r n a t i o n a l c o - o p e r a t i o n . In this case, w i t h t he 
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help of " m u l t i l i n e " cul t ivars composed of near ly isogenic lines a n d resistant to va r ious 
rceas the d a m a g e can cer ta in ly be prevented. 
Breeding for res is tance is the most ef f ic ient and economical way of controll ing 
the ma jo r whea t diseases. H e r e d i t a r y resistance will only be rep laceable by fungicides 
when simple seed dressing m e t h o d s able to p ro tec t the plants a g a i n s t the above p a t h o -
gens t h r o u g h o u t the vege ta t ion period are avai lable . The p robab i l i t y of such control is 
relatively low. And even if i t were to succeed, the question of w h e t h e r the fungic ides 
are qui te harmless to the h e a l t h of the consumers ought to he careful ly considered. 
NAGY, В.: In f u t u r e production an increase in the yielding ability will na tura l ly be a basic 
requi rement . At the same t i m e , mechanizabil i ty or to express i t in a more complex 
way : " i ndus t r i a l technologizabi l i ty" is indispensable with the new varieties. For these 
two reasons t he gene bank ava i lab le to the breeder will become more and more res t r ic ted 
unt i l the possibil i ty of genet ic or cytoplasmic manipu la t ion relieves it . This means t h a t 
breeding for res is tance m u s t be exploited paral lel to plant p ro tec t ion , including con-
tinual in t e rven t ion and advice by epidemiologists, in the f u t u r e too . The resistance of 
the wheat va r i e ty to the fol lowing pathogens will remain an abso lu te necessity: 
1. f u n g i whose ra te of mult ipl icat ion (epidemiologic " r " va lue ) requires an e x t e n t 
of protect ion t h a t cannot he practical ly a t t a ined with pesticides (e.g. in the case of 
rusts , in per iods of epidemics t he " r " value of 99 requires in f in i te technological eff i -
ciency on t he basis of the V a n der Plank f o r m u l a ) ; 
2. pa thogens whose " r " va lue is normal, b u t owing to their w a y of life no sui table 
method or m e a n s of control a re available, e.g. F u s a r i u m , etc. On t he o ther hand, resist-
ance to diseases (e.g. covered s m u t which can be reliably and economical ly controlled 
is not abso lu te ly necessary, only desirable. 
The d e m a n d for res i s tance in the case of the above two g roups of diseases can 
only be lessened if systemic biochemical mater ia l s with which res i s tance can be a r t i -
ficially induced in the whole p l a n t , become avai lable to the breeder. Un t i l then resis tance 
must he a precondit ion for regis ter ing a var ie ty . 
PETRÓCZI, I.: In m y opinion the coopera t ion of whea t breeders in the p reven t ive control of 
phy topa thogen ic fungi is h igh ly impor tan t . 1'uccinia graminis ep idemics have ceased, 
the damage caused by P . trilicina has become more modera te , a n d even Erysiphe 
graminis causes no serious d a m a g e any longer. However , b reed ing for resistance to 
Tilletia foetida, T. intermedia, T. caries and Ustilago tritici is still not al lowed. The control 
of the Tilletia group has been so lved by using seed dressings (Quinola te 1 5 and Fundazol) , 
which do not damage the e n v i r o n m e n t . The d a m a g e done to f lowers by Ustilago tritici 
pathogen spread via the seed — can be p r even t ed with absorbab le fungicides. 
Quinolate V—4 - Х , a p r e p a r a t i o n widely used in seed product ion, fu l f i l s the prac t ica l 
requi rements in every r e spec t . 
By growing res is tant ( to le ran t ) varieties and exercising chemica l control t he 
powdery mildew of cereals, a n d Fusarium and Alternaria infections of the spike, which 
are causing more a n d more ser ious problems, can be overcome. The genet ic incorporat ion 
of resistance to fungi of the Fusarium sp. is t h u s jus t i f ied . 
By seed dressing and a d e q u a t e cultural pract ices foot-diseases in young whea t 
p lants can be prevented . To p ro t ec t against leaf spots caused by Septoria tritici a n d 
S. nodorum the wheat s t ands should be sprayed (with Fundazol + Di thane) on one 
occasion each . 
In t he course of our invest igat ions we f o u n d tha t the Fusarium infection of 
wheat was not significant in t h e last decade. Thus , the necessity of a thorough s t u d y 
of the in tens ive varieties n a t u r a l l y arises, since a considerable p r o p o r t i o n of the com-
mercially p roduced intensive var ie t i es are bald whea t s and grow u p r i g h t spikes. At t h e 
ripening s tage of the spike t he r a inwa te r inf i l t ra tes between the spikele ts and does not 
easily e v a p o r a t e from there. I n sl ightly bending var ie t ies a similar s i tua t ion does not 
occur, because the awns of t he loose spikes lead t h e water away. 
The hypsophyl ls (glumes, awns) on the spikelets play an i m p o r t a n t role in t he 
Fusar ium infect ion. The oris ta , t h e appendage of the awn, varies w i t h the variety. I t s 
surface is b r i s t ly and therefore rough to the t o u c h when s t roked t o w a r d s the tip. I t s 
physiological role has not been clar i f ied. Many a u t h o r s consider it i m p o r t a n t in the wa t e r 
balance of the wheat p lant . T h e results of expe r imen t s prove t h a t bearded whea t s 
evaporate 1.2 —1.5 times more w a t e r , while those d ives ted of their a w n s have difficulties 
in leading off the rain water a n d the moulding of the grain increases. However, it is 
only in seed product ion that fungic ides can be appl ied by spraying a t the stage of fu l l 
ripeness. The protect ion of t he envi ronment a n d the possibility of chemical residues 
must be considered in wheats g r o w n for eating a n d feeding purposes . 
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POGÁCSÁS., Gy. : TO increase t he genetic yielding abili ty in the d i f ferent wheat var ie t ies and 
m a k e it realizable is a f u n d a m e n t a l d u t y for wheat breeders . I t may he t h a t there is 
a nega t ive correlation be tween yielding abi l i ty and res is tance to fungi, b u t even if 
this is so. we cannot give u p increasing t he yielding ability genetical ly. In my opinion, 
it is easier and quicker to create the chemica l , technical a n d organizat ional condi t ions 
of p ro tec t ion against f ung i , t h a n to achieve genetic res is tance . In addit ion, the devel-
o p m e n t and p ropaga t ion of resis tant va r i e t i e s take 6—10 years . At the p resen t ra te 
of economic acceleration the fa rms wish to solve the p rob lems in a shorter t ime. 
Fur thermore , in recent years new b io types (races) of f u n g i have appeared which 
cause damage to p rev ious ly res is tant var ie t ies too. and in certain years formerly 
ins ignif icant fungal diseases (Septoria) h a v e caused damage . Moreover, var ie t ies origi-
n a t i n g f rom crosses in which Bezostaya 1 is one of the p a r e n t s become suscept ible to 
p o w d e r y mildew in a few years . Knowing these facts it can be established t h a t besides 
b reed ing for resistance the agrotechnical (s tubble burning, r i gh t succession of p lants , 
soil cul t ivat ion, hea l thy seed) and chemical methods of p l an t protect ion mus t be includ-
ed in wheat growing technology even if t h e y involve an increase in cost. 
ROMÁNY, P . : Besides increasing the yielding abi l i ty breeders should endeavour to m a k e every 
e f fo r t to a t ta in the highest possible res i s tance in p roduc ing new varieties. Chemical 
p l an t protect ion is ve ry expensive and requi res high technical skill, while the app ropr i a t e 
residt in many cases is uncer ta in . It is well known tha t whea t m a y he infected by various 
f u n g a l diseases. Successful protect ion aga ins t them at d i f ferent periods and using var ious 
m e t h o d s could only be realized at g rea t expense. In the case of resistant var ie t ies the 
compl ica ted and expens ive opera t ions of chemical control c a n be dispensed wi th , or at 
leas t great ly reduced. 
ROSTA, К . : The genetic incorpora t ion of res is tance to stem or b lack rust and leaf rus t is 
necessary . 
The Fusar ium spp . is primarily a soil-borne pa thogen , therefore the m o s t reliable 
m e a n s of protection aga ins t it is breeding for resistance. 
Resistance to powdery mildew, dwar f h u n t and loose s m u t can also be improved 
genet ical ly . 
Besides increased yielding abi l i ty , resis tance to disease is an i m p o r t a n t object ive 
for the breeder. Gene t ic resistance is of ext raordinary impor t ance for the reliabili ty 
of yield, the preserva t ion of soil o rganisms, the protect ion of the envi ronment , and last 
b u t no t least, for economic efficiency. 
In spite of all this I think t h a t genet ic resistance to all pathogens is diff icul t to 
incorpora te into a v a r i e t y together w i t h high yielding ab i l i ty . Chemical agen ts will 
t he re fo re be used in p l a n t protect ion for a long time ahead . 
SF-MJÉN, I . : According to ou r present knowledge the chemical con t ro l of infectious fungi in 
w h e a t can he reliably solved only wi th grea t difficulty a n d a t high cost, if a t all. The 
fungic ides (Fundazol , Th iov i t . Morestan. etc.) applied against powdery mildew (Erysiphe 
graminis) on our f a r m did not give pro tec t ion to cer ta in w h e a t varieties (Bezostaya 
K a v k a z , Avrora). Var ie t ies susceptible to disease are g radua l ly wi thdrawn f r o m produc-
t ion in spite of the i r excellent yielding abi l i ty . I t is only b y genetic means t h a t this 
p rob lem can be sa t is fac tor i ly solved. Resistance to ce r t a in fungi has a l ready been 
es tabl ished in some var ie t ies . Here I a m th inking , for e x a m p l e , of the tolerance of Libel-
lula and Sava to p o w d e r y mildew. In 1976 a serious powdery mildew infect ion occurred 
on our farm in a g r ade I p ropagat ion popula t ion of B e z o s t a y a 1. At the same time 
Libellula sown in t he same plot a n d separa ted only b y the adjoining row remained 
pract ical ly free of infec t ion under comple te ly identical condi t ions. I t was probably 
ma in ly for this reason t h a t the yield of Libellula was 63 q /ha , and t h a t of Bezostaya 
41 q /ha . It was main ly due to the high yielding ability of Libel lula t ha t the f a r m at ta ined 
an average yield of 57.4 q /ha in 1976. 
In my opinion, resistance to f u n g a l diseases should be genetically incorporated 
in the variety even if th i s results in a c e r t a in degree of r e d u c t i o n ill the potent ia l yielding 
abi l i ty . Natural ly , I a m not th inking of a d ispropor t ionate decrease in yielding ability. 
Th i s is certainly a feas ib le , if not an easy approach. 
I should like to say a few words abou t what in m y opinion is one of the most 
ef f ic ient agrotechnical methods of p reven t ive protec t ion against funga l diseases in 
w h e a t . It is a wel l -known fact tha t the development , d i s t r ibu t ion and d a m a g e of any 
disease depend on t h e s ta te of env i ronmen ta l and suscept ib i l i ty factors. According to 
m y experience, keep ing to an o p t i m u m sowing time (10—25th October) is one of the 
m o s t successful m e t h o d s of prevent ion . Under Hunga r i an condit ions sowing too early 
(in September) is v e r y dangerous. Supe rabundan t s t a n d s provide highly favourable 
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conditions for f u n g a l diseases to sp read . The damage will be par t icular ly great when 
early sowing is coupled with a h i g h ra te of a u t u m n ni t rogen appl ica t ion . According 
to our most r ecen t experiences w h e a t should be given bas ic (phosphorus a n d potassium) 
ferti l ization app l i ed if possible t o t h e forecrop. N i t r o g e n fertilization is only needed 
in a u t u m n if t he fo recrop is very b a d . Every effort shou ld be made to avo id superabun-
d a n t and overdense wheat s tands in au tumn. D e v e l o p m e n t should be enhanced with 
a higher rate of n i t rogen top dress ing (120—160 kg /ha ) a t the end of w in t e r (February) , 
followed by smal le r doses (60—70 k g / h a ) repeated accord ing to need (Apri l and May). 
I n this way the condi t ions will no t be favourable for t h e development of fung i . Wheat 
m u s t be supplied, b u t not oversuppl ied . with nu t r i en t s . Natura l ly , these me thods and 
observat ions also depend on va r ious meteorological f ac to r s . The w e a t h e r should be 
followed with close a t t en t ion and c rop production shou ld be accommodated to it. 
As long as rel iably resis tant variet ies are not ava i lab le increased care must be 
t a k e n in applying agrotechnical m e t h o d s for prevent ing a n d controlling f u n g a l diseases. 
Infect ion should be reduced to as n e a r a minimum as possible. 
SZALAI, L.: Although f r o m an economic p o i n t of view the q u e s t i o n may be u n i m p o r t a n t , never-
theless those w h e a t varieties which require only m i n i m u m protection shou ld be give 
preference. The chemica l control of infectious fungi is n o t , in my op in ion , the right 
solut ion, not only because of the su rp lu s expense it involves , but also because it threa tens 
b o t h the env i ronmen t and the p u r i t y of products i n t e n d e d for human consumpt ion . 
E v e r y effort m u s t be made to p r e v e n t harmful chemical substances f r o m enter ing the 
h u m a n organism. I t must be t a k e n in to considerat ion t h a t wheat va r ie t i e s with a 
genet ic resistance t o fungi provide b e t t e r protection a g a i n s t mass in fec t ion by fungi. 
SZAUAY, D. : TO produce var ie t ies res is tant or a t least to l e ran t t o diseases and in some cases 
pes t s is one of t he m o s t impor tant t a s k s in plant b reed ing today. In tens ive production 
c rea tes favourable condit ions for m o s t pathogens. T h e ac tua l yield loss pe r uni t area 
causcd by the diseases increases para l le l to the rise in t h e yield averages. T h e importance 
of breeding for res is tance , including research directed a t producing r e s i s t an t varieties, 
will therefore grow in the future . Para l le l with an inc rease in yielding ab i l i ty breeding 
m u s t be aimed a t g iv ing a genetic bas i s to disease r e s i s t ance , as far as possible to all 
m a j o r pathogens, in t he prospective varieties. The e f f ic iency of breeding wheat for 
res is tance is p roved by the existence of new varieties res i s tan t to powdery mildew, 
leaf and stem r u s t . Genetic p ro tec t ion against F u s a r i u m , and against r oo t and foot 
diseases in general, is an increasingly u rgen t task for w h e a t breeding. I n c e r t a i n years 
these pathogens cause substantial y i e ld losses. Under H u n g a r i a n cond i t ions damage 
caused by smuts m u s t be reckoned w i t h , and reliable p ro tec t ion from these can only 
be a t ta ined t h r o u g h heredi tary res i s tance . Although in fec t ion by covered s m u t can be 
p r even t ed by the genera l ly utilised seed dressing, the suscept ibi l i ty of t he va r i e ty still 
c a n n o t be ignored. O n an infected a r e a susceptible s t r a i n s develop a considerable num-
ber of diseased spikes even after t r e a t m e n t of the seed. 
From the l i s t ing of the m a j o r diseases it can be seen that the deve lopmen t of 
h igh yielding whea t var ie t ies which also possess overal l resistance is a v e r y complex 
t a s k . A perfect so lu t ion can only be expec t ed in the d i s t a n t fu tu re . F u r t h e r difficult ies 
a re caused by the gene t i c variabil i ty s h o w n by the p a t h o g e n s . As a consequence of the 
appea rance and s p r e a d i n g of new races , a resistant v a r i e t y may become h igh ly suscep-
t ib le within a few y e a r s . (Fertődi 293 lost its resistance to leaf rus t after the mass occur-
rence of race 77. W i t h the d is t r ibu t ion of the powdery mi ldew races 4, 26 a n d 52 the 
var ie t ies Kavkaz a n d Avrora, bo th res i s t an t till t h e n , became highly susceptible.) 
Ensuring d isease resistance in t h e varieties thus r equ i r e s permanent , cont inuous 
research . These t a s k s call for good r e sea rch teams with close working relat ions, including 
in te rna t iona l co-opera t ion . In H u n g a r y the first steps in breeding wheat fo r resistance 
h a v e been taken d u r i n g the past decades . However, cons ider ing the a m o u n t of theore-
t ical research which is indispensable, t h e mobilization of considerable in te l lec tua l and 
f inanc ia l forces is till required if the w o r k is to be successfu l . 
The preference given to the gene t i c establishment of disease res is tance is suffi-
c ien t ly justified by environmenta l p ro tec t ion considera t ions . Apart f r o m this , the 
a d e q u a t e deve lopment of research will cost in a decade as much as sp ray ing the 1.3 
mil l ion ha wheat a r e a o n a single occas ion does. 
This emphasis on the impor tance of complex gene t i c protection in t h e varieties 
does not deny the s ignif icance of phytopathologica l inves t iga t ions (without wh ich there 
can be no talk of b reed ing for res is tance) , nor the necess i ty and na t ional economic 
i m p o r t a n c e of prac t ica l p lan t protect ion. I n each case w h e n a ma jo r a t tack b y pa thogens 
(or pes ts) is expected a n d it is possible to fight it off w i t h chemical subs t ances , the 
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neglect of chemical control is inexcusable . The total cost of spraying or d u s t i n g is much 
less than a yield loss even of only a few per cent. 
SZÁNIEL, I.: Breeding m u s t he aimed b o t h a t improving the yielding ability a n d the quality 
(baking qua l i ty , p ro te in content , e tc . ) and at increasing t he genetic res i s tance . However, 
no overall res i s tance to the d i f ferent f u n g u s species a n d their races is l ikely to he attain-
ed, a t best to le rance or pseudores is tance . Such var ie t ies may still exh ib i t h igh yielding 
ability and/or excellent quali ty. Consequent ly , a compromise will be m a d e when register-
ing a var ie ty . A n y problem left unso lved genetically b y the breeders in a given variety 
otherwise su i t ab le for production h a s to be dealt w i t h b y the plant p r o t e c t i o n experts 
taking the economic aspects in to considerat ion. 
TOMPA, GY.: Yield losses have been a l m o s t regular for severa l years owing t o the damage 
caused by p l an t pathogens . The ave rage loss per ha is as much as 1500 —2000 forints 
a year, which largely corresponds to the nutr ient i n p u t for wheat. 
On a na t i ona l scale losses of t h i s kind a m o u n t to some 2 thousand million forints. 
This is w h y the control of p a t h o g e n s (par t i cu la r ly fungi) c a n n o t he jus t a cam-
paign or a periodical activity, nor is i t the exclusive t a s k of the f a r m s . E v e r y organi-
zation direct ly or indirectly in te res ted in agricul ture mus t take an a c t i v e pa r t in this 
complex work. The final aim is to increase the yield of wheat th rough t h e destruction 
of pathogens. 
I t h ink I m a d e my point of v iew on the q u e s t i o n quite clear in t h e las t sentence, 
when I suggested tha t in the des t ruc t ion of pa thogens , preferably b y preventat ive 
methods, lies t h e main hope of increas ing yields. 
In my opinion a p e r m a n e n t increase in y ie ld ing ability c o m b i n e d with perfect 
resistance c a n only be ma in ta ined in a new var ie ty for a short period, a n d must not he 
regarded as a t a sk exclusively for breeders. If this h igh ly complex p r o b l e m were dealt 
with only by breeders , we should h a v e to wait fo r a long time before the product of 
the breeding p rogramme — a n e w high yielding v a r i e t y — could be in t roduced into 
commercial p roduc t ion . I t is w o r t h mentioning t h a t if, for example, a va r i e ty capable 
of producing 2 q more than t he o t h e r varieties a n d grown on only 5 % of the total 
wheat area of t he country could be introduced in to cult ivation j u s t o n e year earlier, 
this would m e a n some 13.000 t o n s surplus yield on a na t ional scale, i.e. abou t 50 million 
forints in i n l and t rade. 
P e r m a n e n t high yields c a n be at tained by improv ing details. T h e pr imary t a sk 
facing breeders is therefore to f i n d varieties which, irrespective of t h e pathogens, give 
larger yields t h a n their predecessors and are able to produce record y ie lds . 
T h o u g h it would he wrong t o make a general iza t ion, still the cor re la t ion between 
higher y ie ld ing varieties and t h e appearance of p a t h o g e n s is a p p a r e n t , even if some 
high yielding variet ies showr r e s i s t ance for several yea r s . 
This also holds true inve r se ly : extensive var ie t ies , which h a v e been grown for 
a long t ime a n d are still produced in small quant i t ies , are sufficiently r e s i s t an t to certain 
fungi even t o d a y . 
Any compromise made b y t he breeder in developing a new var ie ty involves 
giving u p someth ing . Ill the p re sen t case, genetic resis tance of d e b a t a b l e duration can 
usually be ensured only at t h e expense of the y ie ld surplus. A n d e v e n if resistance 
should h a p p e n to develop, t h e r e is nothing to p r e v e n t another r a c e f r o m appearing 
and causing t he same or even m o r e damage. 
Tasks related with p l a n t protection, on t h e other hand, m u s t he considered 
from a comple te ly different po in t of view. 
U n f o r t u n a t e l y , apar t f r o m seed dressing, which is carried o u t with varying 
success, t he m a j o r i t y of f a r m s e i the r take hardly a n y steps against t h e p lan t pathogens 
appearing du r ing the vege ta t ion period, in t he hope tha t the v a r i e t y is sufficiently 
resistant , or t he necessary pes t ic ides are u n k n o w n or unobtainable . 
I t o f t e n happens t h a t t h e appearance of t he pathogen is no t i ced too late, or i ts 
impor tance is underes t imated a n d control opera t ions are not carried o u t because of the 
expensiveness of protective measu res . 
Some climatic factors occurr ing in cer ta in yea r s are known to exercise a great 
influence on t he extent of in fec t ion and damage . A dry June a n d J u l y (as in 1976) 
may hinder the damaging a c t i v i t y of the fungi so m u c h that there is hard ly any yield 
difference be tween treated a n d u n t r e a t e d crops. T h e experience o b t a i n e d in such yea rs 
may lead to t h e wrong convic t ion tha t the cont ro l of pathogens d u r i n g the vegetat ive 
period unnecessar i ly increases costs , as it does n o t yield any s igni f icant difference. 
If, on the other hand , l a t e spring is r a iny a n d is followed b y a humid (foggy) 
June (as in 1975) the pa thogens regularly appear , and only chemical t r e a tmen t carried 
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ou t in due t ime w i t h the right m a t e r i a l and method is able to protect t h e plants f rom 
f u n g i at the m o s t critical stage, t h e r e b y proving t h e importance of p l a n t protection. 
The b reeder ' s main task is t o produce new va r i e t i e s yielding m o r e than their 
predecessors owing to the po ten t ia l yielding abil i ty of the variety. Breed ing should 
thus be aimed p r imar i l y a t increasing the yielding a b i l i t y . 
Prevent ion should be the m a i n aim of p lan t pro tec t ion , b u t b o t h mechanical 
a n d chemical con t ro l operations shou ld be carried o u t , and that not as a campaign, 
b u t in a p r e m e d i t a t e d , systematic a n d scheduled m a n n e r in order to gua ran tee yield 
rel iabi l i ty. 
TULCZ, I.: The breeders m u s t definitely incorpora te genetic resistance to in fec t ious fungi in 
the wheat va r i e ty of the fu ture , s ince according to o u r present knowledge plant pro-
tec t ion cannot be solved with t he available fungic ides , especially w h e n the weather 
condit ions are f a v o u r a b l e for the development of f u n g a l diseases. 
The effect of the pesticides available, in o t h e r words the t ime fo r which they 
provide pro tec t ion , is so short t h a t under un favourab l e weather cond i t ions spraying 
a n d other p lan t pro tec t ion ope ra t ions should he r e p e a t e d every few d a y s if they are 
to be successful. I n th i s case the cost implications c a n n o t , of course, be neglected. In my 
opinion it will be a long time before these plant p r o t e c t i o n operations c a n be carried 
o u t by aircraft ove r t he total w h e a t area of H u n g a r y , which covers m o r e than 30% 
of t he country 's a r a b l e land. 
I t has la te ly been pointed o u t qui te clearly in p rac t ice tha t in va r i e t i e s more or 
less resistant to f u n g a l diseases t h e l a t t e r do not cause a n y substant ia l y ie ld loss even 
u n d e r un favourab le weather condi t ions . 
Protect ion is undoubted ly needed even in the case of varieties r e s i s t a n t to fungal 
diseases, especially when necess i ta ted by the w e a t h e r or by other f ac to r s , e.g. the 
pre-crop, since fu l l resistance to all pa thogens has n o t been attained so f a r . 
# 
PÁL, GY.: Owing to ae rodynamic stress t he lodging resistance of wheat varieties depends, among 
o ther things, oil t h e height of the p l an t and the q u a n t i t y and quality of t he supporting 
elements. What do you think the solut ion should be wi th the fu ture w h e a t varieties: 
to reduce the ae rodynamic stress by producing dwarf var ie t ies , or to leave t h e plant height 
unchanged and inc rease the s t i f fness of the straw i n s t e a d ? 
BALLA, L.: The fu ture w h e a t varieties m u s t have short, s t r o n g s t raw if they a re to be suitable 
for mechanical h a r v e s t i n g even w i t h 80—100 q /ha y ie lds , and a t t he same time to 
ma in ta in their a d a p t a b i l i t y to u n f a v o u r a b l e edaphonic a n d climatic cond i t ions (large 
root system) and to a t t a i n a height suff icient to force down the weeds. T h e s e three fac-
tors must be b r o u g h t into h a r m o n y , so it is reasonable to shorten a n d s t rengthen the 
s ta lk . According t o our present knowledge the o p t i m u m height is 70—80 cm. I t is, 
however , p robable t h a t under e x t r e m e conditions w h e r e the yield is less t h a n 50 q/ha 
e.g. in sodic or e roded soils, var ie t ies wi th longer (90—100 cm) stalks wil l continue to 
be required. 
ВЕКЕ, F . : Dwarf ing does n o t only serve t o overcome a e r o d y n a m i c stress. T h e water supply 
is a bott leneck in agr icul tura l p roduc t ion . In long-s ta lked wheats the gra in-s t raw ratio 
is 1 : 3 . More p r o d u c t i v e water u t i l iza t ion can only be at tained w i t h short-stalked 
whea t s with a g ra in - s t r aw ratio of 1 : 1.5 or 1 : 1. G r a i n should make u p nearly half of 
t h e dry mat te r p r o d u c e d . In long-s ta lked wheats lodg ing may cause a 10—30% yield 
loss. Dwarf w h e a t s t h u s carry one of the factors of y ie ld reliability. 
BELEA, A.: In my opin ion , dwarfness is n o t the principal so lu t ion for res is tance to lodging. 
Increased emphasis should be laid o n a medium high, f lexible, lodging-resistant wheat 
t y p e . The a d v a n t a g e of this type , among other t h ings , is tha t it p rov ides the basic 
mate r ia l for the f a r m y a r d manure requi red for cellulose manufac ture a n d for organic 
m a t t e r rep lacement . Dwarf wheat p roduc t ion is e x p e c t e d to spread, pa r t i cu la r ly under 
i rr igated condit ions in special growing districts. 
CSONTOS, M.: I t is reasonable to try to increase resistance to lodging by relieving the aerodyna-
mic stress, t h a t is, by developing d w a r f varieties. 
The up - to -da t e livestock technologies require less and less s t r aw, a n d the indus-
tr ial processing of s t r a w is still conf ined to a few reg ions , so there is no jus t i f ica t ion for 
increasing the v o l u m e of straw. 
ERDEI, P . : The wheat of t h e fu tu re or r a t h e r i t s ideotype, will be primarily d e t e r m i n e d by the 
economy of ma t e r i a l t r anspor t w i t h i n the plant, n u t r i e t utilization, e tc . These require-
m e n t s already f a v o u r dwarfing, a n d th i s will be even m o r e so in the f u t u r e . This, natur-
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ally, does not m e a n t h a t stalk s t r e n g t h can be neglected. On the c o n t r a r y , outs tanding 
resu l t s can be a t t a i n e d by coupling t h e two propert ies . 
Dwarfness , has , however, physiological l imi ta t ions . Below a ce r t a in height many 
proper t ies of w h e a t (yielding ab i l i ty , disease resis tance, drought to le rance , etc.) dete-
r io ra te because t h e y are in close cor re la t ion with s t a l k length. 
At present t he semi-dwarf (70—80 cm) forms a re those in w h i c h the desired 
shor te r stalk is f avou rab ly coupled w i t h high yielding abi l i ty and o t h e r advantageous 
charac ters . Bu t even in these f o r m s s t a l k strength is a pr imary r e q u i r e m e n t . 
KÁDÁR, A.: In wheat var ie t ies which give h ighe r yields t h a n t h o s e currently c u l t i v a t e d , dwarf-
ness and stalk s t i f fness should, in m y opinion, be a imed at during breed ing , u p to a limit 
where a yield-decreasing effect is f e l t . 
K i s s , A. : In breeding w h e a t for resistance t o lodging both possibili t ies should b e uti l ized. The 
p resen t high y ie ld ing , f i rm-stalked w h e a t varieties a r e 75—100 cm h i g h on average, 
some 30—40 cm shor t e r than the ea r l i e r wheat variet ies. I t seems t h a t f u r t h e r dwarfing 
would adversely a f fec t the yielding ab i l i ty . According t o our present knowledge, re-
search should be concent ra ted on increas ing the s t i f fness of the s talk. I t is, however, 
genetically possible to produce t y p e s w i t h firm stalks 50—70 cm in l e n g t h . I n my opin-
ion, in the coming 10—20 years t h e s ta lk length of h i g h yielding w h e a t variet ies will 
con t inue to shor ten , wi th a s imu l t aneous increase in t h e f i rmness a n d f lex ib i l i ty of the 
s ta lk and an i m p r o v e m e n t in the d isease resistance. 
KOLTAY, A.: The lodging-resistant wheat v a r i e t y is a basic r equ i r emen t for p r e s e n t growing 
technologies. E v e n dwarfness does n o t mean a rel iable solution, because commercially 
produced variet ies considered semi -dwar f also lodge if the stands a re m u c h thicker 
t h a n the op t imum u n d e r climatic, p rec ip i ta t ion and i l luminat ion cond i t ions favourable 
for lodging. 
Even if ve ry shor t -s ta lked va r i e t i e s free of t h e known u n f a v o u r a b l e properties 
w ere produced by us ing the p r e sen t def initely dwarf w h e a t s as sources, th i s would be 
no solution for commercia l pro d u c t i o n . since on areas overgrown by weeds these varieties 
could not be p r o t e c t e d with the m e a n s available at p r e sen t . 
Commercial product ion n o w requi res a var ie ty w i t h a relatively sho r t (90—100 
cm) stalk, and a f avourab le g r a i n - s t r a w ratio. Inc reased straw f i rmness is, naturally, 
a breeding ob jec t ive of p r ima ry i m p o r t a n c e . 
The use of r e t a r d a n t s is also a highly efficient m e a n s of p reven t ing cereals f rom 
lodging. Wi th the r ight application of growth regula tors (CCC, E T H R E L , etc.) lodging 
in op t imum dens i ty s tands not h i g h e r t han 100 cm c a n certainly be avo ided , not to 
m e n t i o n other advan tages of us ing these chemicals. O n these grounds we can safely 
say t h a t decidedly dwarf wheat v a r i e t i e s are not d e m a n d e d in commerc i a l production 
as ye t . If dwarf var ie t ies of full v a l u e were to be successful ly developed b y overcoming 
the known diff icul t ies , they w o u l d be particularly impor tan t u n d e r irr igated con-
di t ions . 
KURUCZ, GY.: The plant height of whea t var ie t ies is in f luenced among o t h e r th ings by the 
s t raw requirement of the farms. S t raw processing m e t h o d s (pellet p r o d u c t i o n , cellulose 
p roduc t ion , etc.) t h a t increase the d e m a n d for straw a re spreading. L i t t e r s t r a w require-
m e n t s cannot be neglected either, especially from t h e point of view of economic effi-
c iency and env i ronmen ta l p ro tec t ion . The fu tu re w h e a t variety a s s o r t m e n t should 
i nc lude dwarf var ie t ies for f a rms w i t h a low straw requi rement , h u t f o r those where 
s t r a w is needed a s ta lk length of 90—100 cm coupled wi th increased s t r a w firmness 
m u s t be ensured. T h e demand for p l a n t height will t h u s vary according t o the type of 
f a r m , so that apa r t f r o m producing dw arf varieties, b r eed ing must be a i m e d a t increasing 
the stiffness of s t a lk . 
I.ÁNG, G.: Most of t he w h e a t varieties inc luded in commerc ia l production a t present have 
modera te ly long s t r aw . Owing to t h e higher r e q u i r e m e n t s which will arise for stalk 
s t i f fness , the in tens ive wheats of t h e f u t u r e must h a v e somewhat shor t e r s talks. Simul-
t aneous efforts should , however, b e m a d e to increase t he stiffness of t h e straw. Very 
short-s talked, so-called dwarf w h e a t s will not play an i m p o r t a n t role d u r i n g the coming 
decades, and are n o t likely to be wide ly in troduced un t i l a b r e a k t h r o u g h is achieved 
in the correlation between stalk l e n g t h and root v o l u m e . In any case, dwarf wheats 
will primarily be of importance u n d e r irrigated cond i t ions . 
LELLEY, J . : If the na t iona l average w h e a t yield is to be f u r t h e r increased, t h e breeding of 
w h e a t s with a t r ad i t iona l straw l e n g t h must be a b a n d o n e d . The necessa ry standing 
abi l i ty at the s t a n d density and sp ike weight r equ i red for a national y i e ld average of 
m o r e t han 30 q / h a can only be e n s u r e d with semi-dwarf (70—90 cm h igh ) cultivars. 
I t is not . however , enough to sho r t en t he stalk: its s t a n d i n g ability m u s t also be improv-
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ed. Th i s demand is j u s t i f i ed by the i nc reas ing application of irrigation in w h e a t pro-
duc t ion . The shorter s t a lk renders a h ighe r rate of fe r t i l i za t ion and increased s tand 
dens i ty possible and b r ings about a f a v o u r a b l e change in t h e microcl imate of t h e s tands . 
The shor tening of the s ta lk has an a d v a n t a g e o u s influence 011 the gra in-s t raw ra t io ; 
nu t r i f i en t utilization will t hus be more economical. 
The climatic res is tance of dwarf whea t s with a s t a l k shorter t h a n t he semi-
dwar f s ta lk length is u n c e r t a i n owing t o t he shortness of t h e roots . For this r eason the 
f u t u r e of dwarf whea t p roduc t ion is n o t too promising a t p r e s e n t . 
NAGY. В. : I n the classic (non-hybr id ) wheat v a r i e t i e s resistance to lodging is A p r i m a r y crite-
r ion. The genetic m a t e r i a l available a t present makes t h i s possible. In o t h e r words, 
when registering w h e a t var ie t ies s t i f fness of straw must be o n e of the main r equ i remen t s . 
Concessions can only he made in th is matter if, par t icu lar ly for prospec t ive 
h y b r i d s , the potent ia l increase in y ie ld ing ability r e su l t ing f rom the hybr id iza t ion 
m a k e s it reasonable a n d financially sound to use regulators t o compensate t he intensive 
g r o w t h of the stalks n a t u r a l in hybr ids . T h a t is, concessions as regards the t endency 
to lodge can only he m a d e in the case of hyb r id s with a y ie ld ing ability several categories 
h igher . 
POGÁCSÁS, GY.: Breeding w h e a t for resistance to lodging has r ecen t ly been carried o u t in two 
d i rec t ions : 
a) by reducing t he p lant height (dwarf ing) , and 
It) by increasing the s trength of s t r a w . 
Coder the present economic cond i t i ons wheat is grow n in Hungary for i ts grain 
y ie ld , while the s t r aw is only a b y - p r o d u c t which is occas ional ly even b u r n t as useless 
in t he field. 
F a r m experience shows that w i t h shor t stalks even t h e heavy spikes t h a t give 
large grain yields do n o t lodge. 
Resistance to lodging should he a imed at both t h r o u g h dwarfness a n d through 
s t r a w s t rength. The ear l ier the var ie ty r ipens the shorter i t s s t raw should be . I n the 
1976 var ie ty trials t he I t a l i an variet ies were very short s t a l k e d and at the s a m e time 
v e r y early (Trebo, Aqui le ia , Adria, e tc . ) . The early v a r i e t y Sava also has sho r t s traw. 
Libel I ula can be r ega rded as a medium tal l var iety. In my op in ion even the l a t e variet ies 
should not have s t r a w longer than 100 cm. In consider t h e reduction of s t a lk length 
to be the pr imary t a s k , t hough breeding for straw stiffness m u s t not be neglected either. 
I t should he n o t e d tha t a late d w a r f wheat can h a r d l y be imagined, since by the 
second hal f of the ha rves t i ng period, if r ipening occurs l a t e , the weed p l a n t s become 
s t r o n g and suppress t h e dwarf wheats . 
ROMÁNY, P . : B o t h foreign a n d Hungar ian exper iences show t h a t a s ye t there are no variet ies 
w i t h long (100— 1 10 cm) , f i rm stalks w h i c h are also able t o give large yie lds wi thout 
lodging . According to t he results o b t a i n e d so far, the s t a l k length of var ie t ies giving 
50 — 60 q/ha wi thout lodging does not usua l ly exceed 100 c m . 
In my opinion, s t a lk st iffness c a n and should be increased by sho r t en ing the 
s t a lk . A higher agro technica l level of w h e a t product ion w i t h a s imultaneous increase 
in yield requires var ie t ies with short , f i r m stalks. 
ROSTA, К . : I n intensive w h e a t varieties, which utilize better the yield-increasing e f fec t of fer-
t i l izer and which p r o d u c e spikes wi th a larger number of g r a i n s and higher t housand-
grain-weight , the d a n g e r of lodging is a l m o s t certain to increase . 
Consequently, i t is extremely i m p o r t a n t that the s t a lk stiffness shou ld be in-
creased . In my opinion, shortening t he s t a lk is also necessary if lodging is to be avoided. 
Uwarf wheats m a y raise many agrotechnical p r o b l e m s owing to the i r shor t root 
s y s t e m and poor d r o u g h t tolerance. T h e danger of lodging will, natural ly , con t inue to 
t h r e a t e n despite the shor tening and s t r eng then ing of the s t a l k , if incorrect agrotechnics 
or improper fer t i l izat ion are utilised or if t he s tands are t o o dense. 
SZALAY, D. : Increasing the res is tance to lodging in wheat has l a t e ly become an u rgen t breeding 
t a s k . Owing to d i f f icul t ies in ha rves t ing and because of t h e sometimes considerable 
yield losses (e.g. in 1975) the farms a r e looking for variet ies w i t h better s t a n d i n g ability 
t h a n Bezostaya 1. 
Resistance to lodging is d e t e r m i n e d by a number of fac tors . The r e q u i r e m e n t s of 
w h e a t production c a n only be fulfil led by improving all t h e factors which favourab ly 
in f luence the s tanding abi l i ty of the p l a n t . Besides the s t r e n g t h of the root sy s t em and 
t he f i rmness and f lex ib i l i ty of the s t a lk , the height of the p l a n t is a f u n d a m e n t a l factor 
in developing this cha rac t e r . Wi thou t overemphasizing t h e importance of s t a lk length, 
it is obvious tha t w h e a t s with the he igh t of Bánkút i 1201 can no longer be grown in 
H u n g a r y . In the s ixt ies (up to a yield of 40—50 q/ha) t he s tab i l i ty of Bezos t aya 1 was 
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acceptable . At present the w h e a t product ion sys t ems , and in g e n e r a l the better f a r m s , 
call for var ie t ies able to s t a n d u n d e r a yield of 80 - 100 q/ha. Only except ional ly can th i s 
type of whea t he higher t h a n the variety Sava (p lan t height: 70- 90 cm). 
A reduc t ion in the s t a l k length is inev i tab le primarily b e c a u s e of aerodynamic 
stress. It also plays some ro le in decreasing t h e ex ten t of se l f shad ing and developing 
a more f avou rab l e g ra in / s t raw rat io . 
I n eff icient fa rms t he dens i ty of whea t s t a n d s is ad jus ted t o produce 500—600 
spikes/m 2 or more. In dense s t a n d s of varieties w i t h strong, t h i ck a n d relatively long 
(90— 110 cm) stalks ( K a v k a z , Jubi le inaya 50) t h e lower parts of t h e plants are shaded 
and the basa l internodes e t io l a t ed . Apart f rom t h e fac t tha t a microc l imate favourab le 
for the mul t ip l icat ion of p a t h o g e n s develops in such stands, t h e development of t h e 
suppor t ing t issues of the s t a lk s is hindered. W i t h varieties of t h i s t y p e denser s t a n d s 
cannot he sown wi thout t h e d a n g e r of lodging. 
The whea t varieties g r o w n in Hungary incorpora te about t w i c e as much organic 
ma t t e r into the stalk as in to t he grain. I t h ink t h a t the desired 1 : 1 ratio of grain t o 
straw can only he a t ta ined by types with short , suff icient ly s t rong s ta lks which should 
he as th in a n d flexible as poss ib le . This factor ho lds great promise of an increase in t h e 
potent ia l grain yielding a b i l i t y . 
W i t h the present c o m b i n e s wheats wi th s t a lks shorter t h a n 60 cm cannot he 
harves ted wi thout loss (some of the spikes are n o t directed onto t h e cut t ing board b y 
the guide-blade). The d e v e l o p m e n t of varieties w i t h an op t imum ( a b o u t 65 cm) s t r a w 
length, which also meet the r equ i r emen t s in o t h e r characters, is h i n d e r e d by a n u m b e r 
of factors . The overwhelming m a j o r i t y of the d w a r f wheats have p o o r winter hardiness . 
Short straw is closely linked w i t h reduced v iabi l i ty a n d low yielding ab i l i ty . In addi t ion , 
the s t and height of the same v a r i e t y may show a var ia t ion exceeding 20 cm depending 
on the growing site (including the level of cu l t u r a l practices) a n d t he cropyear. Low 
stands are easily overgrown b y weeds. Thus, semi-dwarf (80—90 c m high) wheats are 
expected to he of impor tance for many years t o come in the w h e a t production of 
Hungary . 
SZÁNIEL, I.: Both solutions are p r o b a b l y feasible, t hough I would give p re fe rence to dwar f ing . 
Short and a t the same t ime fo rm-s ta lked variet ies are of extreme impor t ance not only 
because t hey do not lodge, b u t also for many o t h e r reasons, such as t he higher n u m b e r 
of p lan ts per un i t area, more intensive fer t i l iza t ion, larger h a r v e s t i n g capacity of t h e 
combines, etc . 
TOMPA, GY.: Sta lk st i ffness is an i m p o r t a n t factor as i t p reven t s the w h e a t f r o m lodging a n d 
increases the yield. Plants wh ich lodge early, be fore grain f o r m a t i o n , are exposed to 
a great d ivers i ty of fungal diseases , since the s h a d i n g caused by lodg ing creates q u i t e 
a different microclimate near t h e soil surface, m u c h more humid condi t ions where t he 
motion of the air is also highly restricted. If th i s s t a t e is m a i n t a i n e d for a long t i m e , 
and the pho to t rop i sm of the p l a n t cannot become effective because of various (most ly 
climatic) fac tors , then grain f o r m a t i o n will usua l ly either fail to occu r , or only refuse 
grain will develop in the spikes . 
Lodging may be caused b y an excess of n i t rogen in the N P K fertilization, t h u s 
over-sa t is fying the nitrogen r equ i r emen t , which is important fo r w h e a t right up to 
ripening. T h e sudden growth in the stalk caused b y the incorpora t ion of the ni t rogen 
results in a th inn ing out of t he t issues, which is a d i rec t concomitant of lodging. P e r h a p s 
it is wor th ment ioning tha t in lodged wheat p l a n t s the internodes a r e 15—25°„ longer 
than when a proper ratio of n u t r i e n t s is suppl ied. 
I n the case of lodging a n o t h e r problem is caused by ha rves t ing losses, even when 
the p lan t s lodge af ter grain f o r m a t i o n , when the c rop has in fact b e e n produced. E v e n 
with the m o s t careful combine harves t ing losses a re unavoidable, as t h e cutt ing mecha-
nisms leave a considerable q u a n t i t y of spikes on t he ground. 
The response given b y d i f fe ren t wheat va r i e t i e s to the sowing density depends 
on the l eng th of the stalk. T h e varieties are no t uniformly t o l e r a n t to dense s tands . 
Long-s ta lked variet ies are less to l e ran t to a p l an t number of 400 - 4 5 0 / m 2 , while those 
with shor te r s ta lks can be sown to a plant n u m b e r of 500—550/m2 w i thou t the danger 
of lodging. 
I t is t h u s reasonable t o ra ise the problem of s ta lk length in w h e a t growing. In m y 
opinion t h e s t r a w yield mus t a l w a y s be taken in to consideration, as i t will he required 
both as l i t te r in livestock b reed ing (returned to c rop product ion in t h e fo rm of nu t r i en t ) 
and as r aw mate r i a l for i n d u s t r y for a long t ime ahead . At the s a m e t ime, I think an 
average s ta lk length of 60 c m should be suff icient , as this is long e n o u g h to cover t h e 
r e q u i r e m e n t s mentioned above a n d short enough to prevent the p l a n t from lodging. 
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In this way shor te r upr ight stalks will provide a larger yield t h a n long stalks ly ing on 
the ground un f i t for harvest ing. 
As to the va r i e ty of the f u t u r e , I see two possible solutions. One of t h e m is to 
produce and in t roduce into commercial product ion high yielding varieties w i t h the 
above mentioned average straw length . This is a task for breeders alone. T h e other 
solution is the regular application of CCC, which, according to Hungar ian exper ience , 
has a st iffening ef fec t on the stalk since it s t rengthens the t issue s t ructure of t he p lants , 
and . in addi t ion, exer t s a positive inf luence on the yield-reducing effect of funga l 
pa thogens (e.g. Cercosporella herpotr ichoides) . Nevertheless , it has not been widely 
used so far . According to our present knowledge, CCC appl ica t ion can he combined with 
herbicide d i s t r ibu t ion , so the cost impl icat ions are not significant , especially when 
compared with the resul t ing reliabili ty of yield. I t would be even better if the applica-
t ion of CCC could be combined with the d is t r ibut ion of basic ferti l izer in a f o rm enabl ing 
it to act through t he soil and the roots of the plant . 
TULCZ, I . : The higher r a t e of ferti l ization and the widespread in t roduc t ion of mechanica l har-
ves t ing have increased the demand for whea t varieties r e s i s t an t to lodging. Shor ten ing 
t he stalk in crder to increase its s t r eng th seemed to he an obvious solution to t h e prob-
lem. Even var ie t ies considered to be f i rm-s t rawed are inclined to lodge w h e n they 
have longer s talks. As an example t he high yielding and , in my opinion, f i rm-s ta lked 
Jub i le inaya 50 m i g h t be ment ioned. 
Breeders h a v e to reduce the p lan t height to a cer ta in ex ten t in order to increase 
the resistance to lodging. Dwarf ing is also jus t i f ied by the necessi ty to protect t he p lan t s 
agains t fungal diseases. Objections to reducing the height can be raised on two scores: 
f i r s t , very short s ta lks may result in serious harvest ing losses. I t is known t h a t cer ta in 
meteorological f ac to r s may cause a 15—20% deviation in p l a n t height. The p r o b l e m is 
aggrava ted by the broadening of the cu t t i ng boards on the combines . On u n e v e n ground 
losses occur in w h e a t s with shorter s ta lks even when using t he Е 512 combine, especially 
dur ing the ha rves t ing of tillers. The o ther point to he considered is the va lue of the 
s t r aw. With the increasing industr ial ut i l izat ion of s t r aw its value is likely to rise. 
* 
PÁL, GY.: The replacement of varieties ill whea t production has recently been too f requen t , 
varieties have been chaged too fast . Is — in your opinion — the rapid change of varieties 
«lue to the deter iorat ion of the wheat variet ies and the discont inuat ion of hybrid vigour 
in varieties of hybrid origin, or are otherwise good varieties only replaced because the 
new varieties give larger yields? 
BALLA, L.: During the last f i f t een years a ehange of var ie ty has occurred twice in H u n g a r y , 
f i rs t at the beginning of the sixties, when Bezostaya was in t roduced . This r ep laced the 
o ld- type Hunga r i an varieties and occupied about 80% of t he wheat area. Toge the r 
wi th the H u n g a r i a n var ie ty Fertődi 293, which spread over some 15 —20% of the wheat 
area, they supp lan t ed practical ly all o the r varieties. 
The second replacement took place in the early sevent ies , when the i n t roduc t i on 
of new varieties (Avrora , Kavkaz , Jub i l e inaya 50 and Libellula) confined the p roduc t i on 
of Bezostaya to some 25% of the sowing area. Wi th them t h e range of cu l t iva ted varie-
t ies became wider . 
The thi rd change of variety is t ak ing place at present . The foreign var ie t ies — to 
s t a r t with, the Krasnodar -b red Avrora a n d Kavkaz — are being replaced by H u n g a r -
ian . part icularlv b y Mar tonvásár variet ies . I n 1978, when a sufficient quan t i t y of seed 
will he available for the Hungar i an var ie t ies , the larger pa r t of the sowing area will 
p robab ly be sown to Hungar ian whea t s , wi th the foreign var ie t ies partially or comple te -
ly el iminated. 
The rep lacement of varieties is jus t i f ied pr imari ly b y the appearance of new 
high yielding var ie t ies . A minor role is p layed by the degenera t ion of certain var ie t ies 
(e.g. Avrora and K a v k a z ) . bu t the m a i n reason for changing t he varieties is t he higher 
po ten t ia l yielding abi l i ty of the new var ie t ies . This is p roved by the fact t h a t in the 
ear ly sixties Bezos taya 1. with an average yield of 36.7 q /ha over three yea r s , was 
a m o n g the highest yielding varieties in the nat ional v a r i e t y trials (Fig. l ) . A n o t h e r 
va r i e ty , Fertődi 293, a t t a ined a similar level ( the difference be tween the two was 0.1 q), 
hu t twice in the t h r ee years even th is l a t t e r was exceeded by Bezostaya 1, w h i c h was 
t h u s placed f i rs t a m o n g the varit ies examined . During the last three years, however , 
Bezos taya 1 has yielded 52.7 q /ha on average in the na t i ona l variety trials c o m p a r e d 
to 60.3 q produced by the best var iet ies , which thus exceed Bezostaya 1 b y 7.9 q 
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(14.4%). W i t h this yield Bezos taya 1 was placed 13th in 1974, 15th in 1975 and 14th 
in 1976 a m o n g the varieties t e s t ed , clearly showing that it was a case of falling behind 
rather t han of degeneration. 
In sp i te of its degenerat ion the case of K a v k a z is similar; in the first three years 
(1970 1972) it was first a m o n g the varieties t e s ted with a yield of 49.2 q/ha. while 
in the last t h r ee years (1974—1976) its 54.1 q /ha average yield was only sufficient for 
the sixth place. If the new Martonvásár whea t variet ies and prospective varieties 
(Martonvásári 5, Mv 23—73, Martonvásári 1, Mv 22—72) had not been developed in 
the meant ime , Kavkaz would be the second bes t var ie ty on the basis of a three year 
average. The deterioration is t h u s comparat ive, while fallback is obvious in this case too. 
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Fig. 1. Average yields of Bezostaya 1 and of I he highest yielding var ie ty in national v ariety 
trials 
The degeneration of K a v k a z and Aurora can be traced back to their genetic 
vulnerabil i ty. When these cu l t ivars were first produced they were res is tant to powdery 
mildew and s tem and leaf rus t . Within a short t ime , however, a f te r 2—3 years, new very 
aggressive powdery mildew races specialized to these varities appeared , so the vari t ies 
previously res is tant to powdery mildew became susceptible to the disease. Subsequently 
they also lost their resistance to leaf rust, as new biotypes of race 77 became specialized 
to these var i t ies . The si tuat ion seems to be the same with respect to foot diseases, since 
they no longer produce as m u c h as they did init ially, even when powdery mildew infec-
tions are scarce and leaf rus t does not appear. So they are susceptible to foot diseases 
at the same t ime. 
The fal lback of the var ie t ies cannot be a t t r i b u t e d to the discont inuat ion of hybrid 
vigour, as t he lat ter is not l ikely to occur ill var ie t ies of hybr id origin introduced into 
cultivation 15—20 years a f t e r corossing. 
BÁTYAI. J.: Whea t growing has m a d e substantial progress in recent years in Hungary . New-
valuable var ie t ies which meet the present p roduc t ion requirements and offer the possi-
bility of a t t a i n i n g still larger yields have been introduced into commercial production. 
At the same time, by increasing the rale of fert i l izat ion from year to year, using more 
up-to-date machines and app ly ing new cul tural practices, the f a r m s create conditions 
which can only be exploited wi th new, more up- to-da te varieties. 
New varieties are necessary because of t h e increased demand for standing abili ty, 
disease resis tance and shorter vegetation period, which are all fac tors rendering the 
production more reliable. 
This is confirmed by t h e percentage change in the areas sown to different wheat 
varieties in Szolnok County and their yield averages: 
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Percentage area and average yield of wheat varieties 
1974 1975 1976 1976/77 
% q / h a % q /ha % q/ha % 
Bezostaya 1 37.0 37.8 27.6 35.00 24.5 35.00 17 
Kavkaz 19.0 40.1 21.0 35.6 15.8 36.9 6 
Jubi le ina ja 50 12.0 44.5 21.0 38.7 28.6 41.8 40 
Libellula 8.0 45.9 11.0 40.8 11.9 44.1 21 
Avrora 14.0 38.9 8.6 33.8 8.5 34.1 2 
Rannyaya 12 6.0 35.0 2.3 35.6 0.5 40.2 
— 
Mv variet ies — — 3.6 35.3 5.2 41.5 8 
GK Fer tődi — — 0.8 36.9 1.1 37.8 3 
Sava — — — — 1.1 43.3 3 
Others 4 
— 
4.1 
— 
2.8 
— — 
T h e above t ab le shows tha t the sowing area of Bezos taya has decreased f rom 37% 
in 1974 to 17% by 1976/77. The ave rage yield did n o t change subs tan t i a l ly during the 
three years examined . 
The same declining t endency is seen with t he varieties K a v k a z a n d Avrora, 
though their yield averages have fa l len by 10 — 1 1 % dur ing the last t w o years. This 
tendency can be a t t r i bu t ed to t he f a c t tha t the suscept ibi l i ty of the var ie t ies Avrora 
and Kavkaz to var ious diseases h a s increased, and t h a t , owing to the i r relat ively long 
vegetat ion per iod, in droughty y e a r s their grains t e n d to shrivel, and therefore their 
product ion has become risky. 
The sowing areas of the commercia l ly p r o d u c e d varieties J u b i l e i n a y a 50 and 
Libellula have increased from 12 to 4 0 % and f rom 8 to 21%, respect ively. In the three 
years in ques t ion t he yield averages of b o t h varieties exceeded those of t h e above men-
t ioned varieties by 15—20%, and Libellula was pa r t i cu l a r ly resistant to diseases. Owing 
to its earliness the re was rarely a y ie ld decrease caused by shrivelled g ra ins . 
To sum u p t he experiences ga ined in Szolnok C o u n t y : One of the reasons for replac-
ing the var ie t ies f rom time to t i m e is the a p p e a r a n c e of new, more rel iably grown 
varieties. This is t he explanat ion for the decrease in t h e sowing area of Bezos taya 1 in 
favour of such var ie t ies as Libelulla, Mv 4, etc. 
Another reason is the de t e r io ra t i on of cer ta in variet ies , man i fes t ed particularly 
in decreased res is tance to disease a n d u l t ima te ly in a reduction in yield (Kavkaz , 
Avrora) . 
The change of varieties is t h u s a necessary process which ensures a continuous 
rising of the whea t product ion level. 
ВЕКЕ, F. : The rapid replacement of va r ie t i e s cannot be a t t r i b u t e d to genet ic deter iorat ion. 
I t s main cause is the appearance of a new biotype of some pathogen as a consequence 
of growing the same variety on large areas. Changes in the race spec t rum a n d the rapid 
dis t r ibut ion of ce r ta in biotypes p r o m o t e s the d e v e l o p m e n t and f r equency of epidemics 
(e.g. in the case of Bezostaya 2, Burgas , Avrora, K a v k a z , Fe 293). New, more up-to-
da te varieties are playing an increasing role in acce lera t ing the rep lacement of varieties. 
BELEA, A.: The improvemen t in va r ious fac tors inf luencing the efficiency of production 
(increased r a t e of ferti l ization, use of combines, etc.) ha s made it necessary to introduce 
intensive whea t variet ies into commerc ia l product ion. The well-equipped breeding estab-
l ishments suggests the life span of t he new variet ies to be 5—6 years in general . 
The rap id change of variet ies is not primarily d u e to the de ter iora t ion of the wheat 
varieties and t he discont inuat ion of hybr id vigour, b u t due to the suscept ib i l i ty of the 
cul t ivated var ie t ies to new p a t h o g e n biotypes . More e f fo r t s should be m a d e to develop 
variet ies with a wide range of genes for resistance. If we are in possession of a collection 
which, while of u n i f o r m type, con ta ins different res is tance sources, as e .g . in the breeding 
ins t i tu tes of Aus t ra l ia , the Uni ted S t a t e s of America a n d Canada, t hen each par t icular 
var ie ty may h a v e a much longer l i fespan. 
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The de te r io ra t ion of the var ie t i es can be p r e v e n t e d by m a i n t e n a n c e breeding. 
According to a su rvey made by t h e Headquar t e r s of t h e Hungar ian S t a t e Farms, the 
use of seed with a higher degree of p ropaga t ion prov ides a yield surplus of 7—8.5 q/hec-
t a re compared t o s t anda rd seed. 
Bócz , E . : The rapid change of varieties in recen t years has ma in ly been caused b y the sharp 
decrease in the i r original yielding ab i l i ty . The sudden reduct ion of y ie lds is primarily 
due to the ex tens ive spread of f u n g a l diseases. 
CSONTOS, M.: The change of variety in w h e a t product ion is sa t i s fac tor i ly expla ined b y the higher 
yielding ability of t he new variet ies. T h e degenerat ion of the varieties does not usuallv 
necessitate a too r ap id change, as i t causes negligible yield losses. The disappearance 
of hybr id vigour c a n n o t be spoken of in the absence of whea t hybrids . 
ERDEI. P . : The faster exchange of var ie t ies current ly wi tnessed is generally t he consequence 
of the dynamical ly developing cond i t ions for plant g rowing . Among the concrete causes 
for the exchange of varieties the m o s t impor tant is i he appearance of h igher yielding 
variet ies which are also superior t o Iheir predecessors in other respect. T h e y make far 
be t t e r use of t he m o r e intensive condi t ions . 
There are also examples of var ie t ies having been replaced or d i scarded due to 
the i r showing signs of biological de ter iora t ion wi th in a short time, or to their losing 
resistance to disease. 
Economic a n d commercial f a c t o r s also m o t i v a t e t he rapid exchange of varieties. 
Reduced h y b r i d v igour or genetic deter iorat ion h a v e l i t t le if any th ing to do with it. 
KÁDÁR. A.: I regard t h e rapid change of variet ies as the resu l t of degenera t ion af ter 3- 4 
yea r s of cu l t iva t ion , the appearance of higher yielding new varieties and changes in 
cul t ivat ion m e t h o d s . 
K i s s , A. : I do not t h i n k t h a t the reason for t h e rapid rep lacement of varieties can be the degen-
erat ion of the v a r i e t y , since va r i e t i e s seldom de te r io ra te within f ive years . Earlier 
variet ies are r ep laced before t hey become old because of the higher y ie ld ing ability 
a n d bet ter a d a p t a t i o n of the new var ie t ies . In some cases —e.g. in Kavkaz a n d Avrora — 
the rapid degenera t ion of the v a r i e t y is explained b y a sudden loss of resistance to 
powdery mildew. I n our trial plots t h e wheat var ie ty K a v k a z has given a 5(1—60 q/ha 
u n i f o r m grain yield every year. I n t h e powdery mildew res i s tan t year of 1976 it produced 
t he largest yield (70 q /ha) of Ihe p a s t six years unde r exper imenta l condi t ions . 
KOLTAY, A.: In the case of whea t we c a n n o t speak of a too f r e q u e n t replacement of varieties. 
Bezos taya 1, for example has been included in commerc ia l p roduc t ion since 1960. 
There were u n d o u b t e d l y new der iva tes t h a t did not come up to expecta t ions . I t cannot 
be denied that some populat ive var ie t i es deteriorate a t a surprisingly f a s t r a t e if varie-
t ies of hybrid or igin are not regular ly selected for the m o s t valuable b io types . 
The new var ie t ies , developed b o t h in Hungary a n d abroad, which are taken into 
cul t ivat ion are eva lua ted by t h e impar t ia l Na t iona l Agricultural Var i e ty Testing 
In s t i t u t e . Permiss ion for p ropaga t ion and later s t a t e qualif icat ion is only granted to 
var ie t ies superior to the control. Exper ience shows t h a t the potent ial yie lding ability 
a n d m a n y other p roper t ies of the n e w qualified var ie t ies really are be t t e r t h a n those of 
the earlier var ie t ies they replace. At present yielding abi l i ty is the f irs t requi rement , 
t h o u g h it is of ten n o t coupled wi th y ie ld reliability, w h i c h can only be de te rmined af ter 
several years. A t f a r m level, however , they are very pa r t i cu l a r about this fea ture , and 
if experience p roves unfavourable t h e varieties which do not. fulfil t h e r equ i rements 
are immediately rep laced . In the f u t u r e a more rapid change of var ie ty can be expected 
in the case of w h e a t ; owing to mechan ica l and biological mixing at the f a r m s the puri ty 
of a variety can be main ta ined to a l imited extent . 
LÁNG, G.: In commercial p roduc t ion the var ie t ies retain the i r good heredi tary proper t ies for 
m a n y years. As p r o v e d by a n u m b e r of trials Ihe new v a r i e t y becomes a d a p t e d to the 
local conditions in t he course of cu l t i va t ion , and as a resu l t its yielding ab i l i ty may even 
improve . The so-called degenerat ion c a n be traced b a c k mos t ly to a mixing of varieties, 
or to the imprope r handling (cleaning, dressing, e tc . ) of the seed. The mos t recent 
H u n g a r i a n f a r m s ta t i s t ics also c o n f i r m t h a t af ter t h r ee or four years of r eproduc t ion 
t he yield of the v a r i e t y increases. T h u s , in new var ie t ies developed with t he recognized 
procedures the degenera t ion is not f a s t enough to d e m a n d a rapid r ep l acemen t of the 
va r i e ty . There are o the r reasons for t he more f r e q u e n t replacement of var iet ies , the 
m a i n one being p e r h a p s that the p l a n t breeding es tab l i shments now h a v e a larger 
capac i ty than in t h e pas t , so the r a t e a t which new var ie t ies are developed h a s accelerat-
ed . Consequently, new varieties supe r io r in some respec t to the former ones are pro-
duced more r ap id ly . 
LELLEY, .1.: For the last t w e n t y years t he exchange of cu l t ivars has accelerated in all wheat -
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growing count r i es . The rapid progress of science and technology following t he world 
war created a s i t ua t i on where a d i f fe ren t type of cul t ivar is required. This is t he reason 
why the old s t eppe wheats have been replaced by in tens ive types in H u n g a r y . The 
exchange of cu l t iva r s has recent ly slowed down again, wi th a s imul taneous increase 
in the number of cul t ivars included in field product ion . The lat ter is expla ined by the 
fac t that an u p - t o - d a t e mechanized wheat product ion d e m a n d s a wider r ange of cul-
t ivars . 
I t is a s t r ange s i tuat ion in H u n g a r y tha t the overwhelming major i ty of the wheat 
area is sown to whea t s of Soviet origin and not to H u n g a r i a n cult ivars, since the hered-
i tary yielding abi l i ty , yield rel iabil i ty and qual i ty of cer ta in Soviet whea t cu l t ivars are 
excellently real ized under H u n g a r i a n condit ions. This process is p romoted by the fact 
t h a t as a consequence of mechaniza t ion and chemizat ion the cultural p rac t ices have 
become u n i f o r m , whereby cul t ivars developed inneighbour ing countries are be t t e r able 
to compete wi th the Hungar ian-bred wheats . 
The d a t a of the Nat ional I n s t i t u t e for Varie ty Tes t ing show tha t th is is, indeed, 
the case wi th some Soviet, Yugos lav and even Bulgar ian wheat cul t ivars . Thus , in 
Hungary t he old cult ivars are replaced by really va luable new ones. The more rapid 
exchange of cu l t iva r s is thus the consequence of increased compet i t ion. 
It is possible t h a t in the course of cont inuous p roduc t ion one or ano the r cul t ivar 
loses some of i ts va luable proper t ies , bu t the d i scont inua t ion of hybrid v igour is quite 
out of the ques t ion . By the t ime a new cul t ivar is in t roduced into commercial p roduc t ion , 
elite seed is suppl ied by the F s to F1( l generat ions, when h y b r i d vigour c a n n o t he found 
even in traces. If a cul t ivar shows real signs of de te r iora t ion , then mis takes made in 
the course of ma in t enance mus t he responsible. In my opinion, the reason for introduc-
ing new cul t ivars in Hungary is t h a t they really are be t t e r r a the r than t h a t the earlier 
cult ivars have deter iora ted . 
NAGY, В.: In my op in ion var ie t ies are replaced in wheat p roduc t ion for two basic reasons: 
a) owing to the sharp compet i t ion in the field of product iv i ty increase and 
v a r i e t y cert if icat ion t he breeders have nei ther t he t ime nor the pa t ience to 
deve lop varieties which fulfil the requi rements , consequent ly a considerable 
p ropor t ion о f the new new varieties are not s table , part icularly genetically, 
and d e t e r i o r a t e in a shor t t ime; 
b) the d e m a n d for an increased yield average is increasing parallel to the indus-
t r ia l iza t ion of product ion and the increase in inpu t , therefore t he farmers 
seek for supposedly or ac tual ly high yielding variet ies . 
POGÁCSÁS, GY.: The change of var ie ty is A heal thy process in whea t product ion, p rovided the 
existing var ie ty is replaced by a new one giving a per ha yield of higher f inancia l value. 
It is theoret ical ly possible, t hough never feasible in pract ice , for the f a r m s to change 
varieties every two or three years . 
For va r ious reasons the change of var ie ty has cer ta in ly been too r ap id recently. 
Some H u n g a r i a n and foreign var ie t ies were submi t t ed for s t a t e cert i f icat ion too early, 
and certain of the i r propert ies became known only when they were a l ready included 
in commercial p roduc t ion (e.g. the high susceptibility of the var ie ty Avrora to powdery 
mildew). W i t h o u t a knowledge of these propert ies the f a r m s are unable to ensure the 
r ight condit ions (soil, cul tural pract ices , p lan t p ro tec t ion) for the var ie ty , a n d af ter 
a year or two of failure or only modera te success t hey give u p growing t he var ie ty , 
a l though the expec ted yield could he obta ined if o p t i m u m condit ions were provided. 
In some f a rms , on account of carelessness or f inanc ia l narrow-mindedness , the 
necessary seed is obta ined for yea r s f rom whea t in tended for consumpt ion (i.e. seed of 
an inadequate degree of p ropaga t ion is sown), and the whea t varieties grown f rom such 
seed do in f a c t show the signs of degenerat ion in the course of evaluat ion. 
(When t he variet ies Libellula and Bezostaya 1 are grown f rom seed of good qua-
lity and a high degree of p ropaga t ion they still yeield as m u c h as or, due to improve 
production technology, even more t h a n 10 -15 years ago.) 
The po ten t i a l yielding abi l i ty of the new variet ies is generally higher t h a n t h a t 
of older cu l t iva ted varieties, or if they have identical yielding abili ty Ihey are of bet ter 
quali ty, or h a v e a higher resistance to disease, or excel in o ther propert ies (winter hardi-
ness, adap tab i l i ty , etc.). This increases the reliability of w h e a t growing, wi th the result 
t h a t the new var ie t i es are welcomed by the producers . 
Many professionals s ta te t h a t the present new var ie t ies are less s tabi l ized and 
cons tant t h a n the former ones, a n d consider t h a t ail exp lana t ion can be f o u n d in the 
methods used for breeding new variet ies . At present t he development of a new var ie ty 
takes half to one- th i rd of the t ime spent on this work earlier. 
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The select ion time is shor te r , breeders use chemicals and h o r m o n e s in breeding, 
and when the v a r i e t y is in t roduced into commercial product ion too ear ly signs of degen-
erat ion may a p p e a r after one or t w o years. These are : plant s t ands of uneven height , 
atavist ic types of spike which go b a c k to one of the parents , decreased resistance to 
disease. 
To s u m m a r i s e : the new var ie t ies generally possess a higher yielding genetic 
basis. The degenera t ion of var ie t ies previously inc luded in commerc ia l p roduc t ion is 
of minimum e x t e n t and can m a i n l y be a t t r i bu t ed to incorrect p roduc t i on technology. 
The breeders shou ld adapt the n e w varieties to de f in i t e site condi t ions, in which case 
their p r ema tu re wi thdrawal f r o m cul t iva t ion could be avoided. 
ROMANY, P.: There a re two reasons for t h e f requen t r ep l acemen t of variet ies . The less impor-
t a n t one is the deter iora t ion of c e r t a i n varieties, the decrease in their disease resistance. 
The other, m o r e impor tan t r ea son is the appea rance of new, more va luab le varieties. 
The wider and m o r e rapid r ep l acemen t of varieties in the last decades should be regarded 
positively, as p r o v e d by an increase in the wheat yield averages. 
ROSTA.: К. : The yie ld ing ability of t he w h e a t varieties inc luded in commercia l product ion is 
not sufficiently exploi ted. This is p a r t l y due to t he high sensitivity a n d poor adap tab i -
l i ty of some var ie t i es to certain c u l t u r a l condit ions. Since the c l imate of Hungary is 
of mixed c h a r a c t e r (Atlantic, Medi t e r ranean , E a s t European a n d cont inenta l ) , the 
varieties respond to these e x t r e m e l y varying wea the r conditions wi th greater or lesser 
yield f luc tua t ions . I n the course of propagat io n a n d continued cu l t iva t ion more sen-
sitive plants m a y perish, and the yield potent ia l of I be variety m a y also be modified. 
In my op in ion the f r e q u e n t replacement of var ie t ies is due to the appearance 
of more rel iably grown, higher y ie ld ing , more disease resistant whea t s r a the r t han to 
the degenerat ion of the older var ie t i es . 
I th ink t h a t , when changing variet ies , it should be taken into considerat ion t h a t 
under the v a r y i n g weather cond i t i ons in Hunga ry only varieties wi th good adap tab i -
l i ty will give re l iable , high yields . 
SEMJÉN, I.: In the las t decades we h a v e witnessed a r evo lu t iona ry t r a n s f o r m a t i o n of agri-
culture, including radical changes in wheat p r o d u c t i o n and wheat var ie t ies . 
We did n o t willingly pa r t w i t h our best k n o w n varieties ( B á n k ú t i 1201. Bánkút i 
1205), which were outs tanding. T h e quali ty of t he whea t s of the Tisza region (Tisza-
vidéki) was once unparallelled. 
A revo lu t iona ry change occur red in the ear ly s ixt ies with t he in t roduct ion of 
Bezostaya 1 a n d Bezostaya 4 i n t o commercial p r o d u c t i o n . Their po ten t ia l yielding 
ability was a m a z i n g . With r ega rd to winter ha rd ine s s , hl-weight, g lu ten and protein 
content and b a k i n g quality t h e y are excellent e v e n today . Wi th the i r s trong stalks 
they met all t h e requi rements of large-scale p roduc t ion . Owing to the i r excellent prop-
erties they soon excluded the I t a l i a n and French variet ies (San Pas to re , F o r t u n a t e , 
Autonomia. P r o d u t t o r e . Etoile de Choisy) tested s imul taneos ly . This victory was the 
victory of qua l i t y , though the l a t t e r variet ies did not reliably yield quan t i t a t i ve ly more 
t h a n Bezostaya 1 either. However , this h a p p e n e d some 10—15 years ago. It may be 
due to our pecu l ia r respect for t r a d i t i o n s or to our slow recovery f r o m our as tonishment 
t h a t we have s t a g n a t e d . Our b reede r s have only t r i ed to refine these variet ies, or to 
adap t them to o u r conditions. T h e y have not a t t a i n e d any subs tan t ia l yield increase in 
th is way. They h a v e paid a t t en t ion pr imari ly to qua l i ty . In the m e a n t i m e world demand 
has shifted t o w a r d s quant i ty , w h i c h is not surpr i s ing , as the present growth rate of 
the world p o p u l a t i o n calls for eve r increasing quan t i t i e s . 
Considering what has been said above, the r a p i d change of var ie t ies cannot be 
a t t r ibu ted to t he degeneration of t h e wheat var ie t ies ; it is a r equ i r emen t of practical 
life. The earlier variet ies fulfilled the i r task under t he condi t ions prevai l ing a t t ha t t ime 
b u t should now be replaced by b e t t e r ones. E v e n a more f r e q u e n t change of var ie ty 
would not cause a n y trouble if b e t t e r and bet ter var ie t ies were a lways available. I t is 
the joint task of science and p rac t i ce to determine the r ight ra te of change . 
SZAI.AI, L.: The quick change of var ie t ies in wheat p roduc t ion is no t , in m y opinion, due to 
the degenerat ion of the wheat va r ie t i e s in t roduced . The most obvious case is t h a t of 
Bezostaya, a w h e a t variety m u c h cri t ized for its de te r io ra t ion in qua l i t y in H u n g a r y , 
though in s t a n d s which have been kep t pure th i s c a n n o t be d e m o n s t r a t e d even now. 
On the other h a n d , many other poore r quali ty whea t s were grown paral le l to the domi-
n a n t Bezostaya 1. and the mixing of seed deprived the producers of t he expected qual i ty . 
The re la t ive ly frequent rep lacement of var ie t ies is related pr imar i ly to economic 
questions. The cu r ren t state p u r c h a s e prices encourage the growing of higher yielding 
variet ies . Larger yields are not , however , coupled wi th bet ter qua l i ty . 
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SZALAY, D. : T h e rapid d e v e l o p m e n t of wheat g r o w i n g (with more in tens ive cultural p rac t i ces 
and n e w varieties), a n d t h e doubling of t h e national yield a v e r a g e in 10 yea rs ( f rom 
21.6 q / h a in 1966 to 38.8 q /ha by 1976) m o d i f i e d the d e m a n d s made on the var ie t i es 
and ce r t a in characters indispensable. Ten y e a r s ago a 100 q / h a yield seemed unbe l i ev -
able, whi le this year 80—100 q/ha averages have been o b t a i n e d f rom the bes t w h e a t 
fields of some farms. S u c h a yield level cal ls fo r a new type of va r ie ty . 
U n d e r the given condit ions the deve lopmen t of o p t i m u m yielding var ie t i e s , 
possessing all the desired characters , r e q u i r e s many years of con t inuous work . I n this 
process t h e improvement of one or ano the r character may j u s t i f y a change of v a r i e t y , 
a l t hough it is known e v e n when a var ie ty is accepted tha t s o m e of tis p roper t i e s still 
needed to be improved. Dur ing the last t w o decades many f a r m s have increased the 
sowing area of the v a r i e t y Sava owing t o i t s favourable p r o p e r t i e s and o u t s t a n d i n g 
po ten t i a l yielding abi l i ty , a l though it is genera l ly known to be of fodder wheat qua l i t y 
and t o have poor winter hard iness c o m p a r e d to the Soviet a n d Hungar ian var ie t i es 
g r o w n . 
Most of the cu r r en t ly cult ivated w h e a t varieties are infer ior to the ideal t ype . 
I t is t h u s favourable for t he breeders if a larger number of var ie t ies are i n c l u d e d in 
commerc ia l production. T h e large variety a s so r tmen t generally promotes d e v e l o p m e n t , 
since t h e value of a c u l t i v a t e d variety is u l t imate ly ascer ta ined by its pe r fo rmance in 
prac t ice . The rapid change of varieties m a y , however, have a n adverse effect . ( I n the 
f i f t ies t h e three breeders working at B á n k ú t regarded the m a i n t e n a n c e breeding of the 
va r i e ty Bánkú t i 1201 as the i r main t a sk . ) 
I t is not the d i sappearance of h y b r i d vigour that leads t o the rapid r ep l acemen t 
of a v a r i e t y . At best a l ine is accepted 8 — 1 0 years after crossing. I f i n the 8 t h hyb r id 
genera t ion the total s t a n d of a prospec t ive var ie ty produces a fair ly large y ie ld this 
can genera l ly be m a i n t a i n e d by start ing a n appropr ia te n u m b e r of sub-lines a n d select-
ing t h e m af ter a careful eva lua t ion . The r a p i d development of wheat p roduc t ion and 
the d e m a n d s of the f a r m e r s urge the i n t roduc t ion of new var ie t ies into commerc ia l 
p r o d u c t i o n . The widening of the breeding possibilities ensures t h a t wheat t y p e s b e t t e r 
t h a n the i r predecessors will lie produced a l m o s t in series. W i t h the appearance of varie-
ties whose characters are o p t i m u m for c u l t i v a t i o n the change of variet ies will slow down. 
SzÁNlEL, I . : T h e frequent change of varieties is d u e to several r easons , such as t h e higher 
y ie ld ing abili ty of the n e w varieties, dec reased resistance to possible new or sub- races 
of f u n g i appearing u n d e r ecological c o n d i t i o n s different to t h o s e a t the b reed ing site 
of t he va r i e ty or in d i f f e r e n t years, and so on . 
TULCZ, I.: I n m y experience w h e a t varieties w i t h a solid genetic bas i s do not de te r io ra te and 
are n o t replaced in a s h o r t t ime. Apart f r o m Bezostaya 1, F e r t ő d i 293 and Libel lu la , 
a so-called fodder w h e a t , m a y be m e n t i o n e d . All three va r i e t i e s have r e t a i n e d the 
p o t e n t i a l yielding abi l i ty exhibi ted when t h e y were in t roduced into commercia l pro-
d u c t i o n . 
On the other h a n d , t he highly p r o m i s i n g varieties K a v k a z and Avrora lost much 
of the i r yielding ability w i th in a few y e a r s . 
Jub i le ina ja 50, t h e th i rd Soviet v a r i e t y introduced w i t h Kavkaz and Avrora 
has occupied a larger a r ea every y e a r in ou r county, and does not show a n y s ign of 
degenera t ion as yet. 
To sum up: in m y opinion the r a p i d change of variety is due mainly to t h e devel-
o p m e n t of high yielding variet ies within a shor t time by H u n g a r i a n breeders, paral le l 
to t hose recently in t roduced from ab road . 
I t was thus possible to replace t h e above mentioned variet ies , which h a d been 
cu l t i va t ed for some t ime , by higher y ie ld ing ones. 
T h e withdrawal f r o m cultivation of var ie t ies showing signs of degenerat ion may 
also t a k e place within a shor t time. 
PÁL. GY.: The weather in Hungary may be continental , oceanic or Mediterranean both in winter 
and summer according to the prevailing cl imatic influences. Considering the large volume 
of pasta imported by Hungary, do you think that the production of durum wheats, which 
are grown in southern areas, in ihe Mediterranean region, can be expected on large areas 
in Hungary in the near future? 
В ALLA, L. : D u r u m wheats can only be expected t o spread in H u n g a r y (including the s o u t h e r n 
p a r t s of the country) a f t e r the deve lopment of new early, w i n t e r hardy, high yie lding, 
r e s i s t an t varieties. 
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ВЕКЕ, F.: There is a need to grow d u r u m wheats. W i n t e r durum whea t s are just as unre l i ab le 
as spring ones with regard t o yield. This p r o b l e m has not been solved in the Sovie t 
Union e i t h e r , in spite of m a n y decades of b r e e d i n g work. The sp r ing wheats are m o r e 
reliably g rown, bu t only in special farms w i t h s t r ic t technological discipline. 
BELEA, A.: Spr ing d u r u m wheats g rown in the Medi t e r ranean region, a n d the winter d u r u m 
varieties included in the commercia l p roduc t ion of certain coun t r i e s are not s u i t a b l e 
for growing in Hungary owing to their late r i p e n i n g and poor w i n t e r hardiness. As cross-
ing pa r t ne r s , on the other h a n d , they can be successfully used. Considering the d e m a n d s 
of the p a s t a industry it would certainly be j u s t i f i e d and necessary to encourage t h e 
breeding of late, winter h a r d y du rum wheat s in Hungary . 
Bocz, E.: Many y e a r s of e x p e r i m e n t a l data are r e q u i r e d to determine t h e effect of H u n g a r y ' s 
weather 011 t h e quality of t h e yield. In t he f i n a l analysis it is economic calcula t ions 
tha t wil l decide whether it is possible or w o r t h w h i l e to satisfy H u n g a r y ' s r equ i r emen t s 
f rom d o m e s t i c product ion. 
CSONTOS, M.: T h e sowing area of d u r u m wheat will h a r d l y grow s imply because of the p a s t a 
imports , b u t only through t h e influence of o t h e r economic r e g u l a t o r s . 
ERDEI, P.: B e y o n d the theore t ica l considerations, u n d e r the meteorological conditions w h i c h 
have held for the last 4—5 y e a r s the p roduc t ion of certain w in t e r d u r u m forms in t h e 
southern p a r t of Hungary h a s been successful. Some of them h a v e good and others less 
good w i n t e r hardiness. U n f o r t u n a t e l y , not a single durum w h e a t a t ta ins the level of 
aes t ivum whea t s of H u n g a r i a n and Soviet or igin as regards w i n t e r hardiness. Y e t , 
some of t h e m are equal in t h i s respect to t he I t a l i an variety Libel lu la , which has b e e n 
successfully grown in the s o u t h e r n and cen t ra l p a r t of the c o u n t r y during the last t e n 
years. A t present its d i s t r i b u t i o n will p r imar i l y be de termined by economic f a c t o r s 
rather t h a n by the cu l t iva t ion conditions. A p a r t f rom this, the in t roduc t ion of d u r u m 
wheats i n to commercial p r o d u c t i o n is m o t i v a t e d by many s u b j e c t i v e and ob j ec t i ve 
e l emen t s . 
K i s s , Ä.: U n d e r t he extreme w e a t h e r conditions of H u n g a r y durum w h e a t s with poor w i n t e r 
hardiness o f t e n show lower y ie ld ing ability t h a n t h e aest ivum t y p e s . If the r equ i r emen t s 
of the p a s t a industry m a k e i t necessary, a n d t h e manufac tu re r s compensate the p ro -
ducers fo r t he losses resu l t ing f r o m the lower y ie ld , then d u r u m whea t s can ce r t a in ly 
he e x p e c t e d to spread in t h e southern part of H u n g a r y . Under f avou rab l e weather con-
dit ions t h e new semidwarf d u r u m wheat va r i e t i e s come close in yielding ability to t h e 
intensive b r e a d wheats. 
KOLTAY, A.: T h e hard-gra ined T r i t i c u m durum is su i t ab le specifically fo r the product ion of 
compressed dry pasta w i t h o u t additives. Such r a w material is n o t a t present r e q u i r e d 
in the H u n g a r i a n pasta i n d u s t r y . From the f l o u r s of the commerc ia l ly produced va r i e -
ties excel lent quali ty p a s t a c a n he m a n u f a c t u r e d by adding eggs, which satisfy t h e 
demands of t he domestic consumers in every respec t , and can also lie exported w i t h o u t 
d i f f icul ty . 
Owing to the f l u c t u a t i o n s between low a n d high yields t h e p roduc t ion of d u r u m 
wheats w o u l d not be economica l for the f a r m s w i l h the present pr ice policy. 
If d u r u m wheats were actually to be g r o w n , mixing m u s t he prevented b y all 
possible m e a n s ; this could o n l y be ensured b y t h e separate h a n d l i n g and processing of 
the p r o d u c t s of isolated g rowing areas. 
I n m y opinion, the p r o d u c t i o n of d u r u m whea t s on large a reas in Hungary can -
ro t he Expected in the nea r f u t u r e . 
LÁNG G.: In o rde r to answer th i s ques t ion it is n e c e s s a r y to know w h e t h e r the breeders will 
succeei! in developing d u r u m whea t s which are not much inferior to the aestivum t y p e 
as regards yielding ability a n d yield reliability. U n d e r the c l imat ic conditions in H u n -
gary this d u r u m wheat will h a v e to be a winter va r i e ty . It is a well known fact t h a t t h e 
winter t y p e s have not ye t b e e n sufficiently t e s t ed for winter ha rd ine s s under H u n g a r i a n 
condit ions. W i t h a view to sa t i s fy ing the r aw m a t e r i a l r e q u i r e m e n t s of the developing 
pasta i n d u s t r y in Hungary f r o n t domestic p r o d u c t i o n , it would b e practicable to g ive 
more encou ragemen t to t h e breeding and in t roduc t ion of d u r u m wheats. H o w e v e r 
autarchic views must not be given precedence in evaluating t h e new durum wheat 
varieties; in judging w h e t h e r product ion is economical the pr ice ra t ios on the wor ld 
market m u s t he taken into considerat ion. 
LELLEY, J . : I t w o u l d be desirable to satisfy the r a w ma te r i a l demand of the pasta i n d u s t r y 
in H u n g a r y . There have been r epea ted a t t e m p t s t o breed d u r u m whea t s , but as in t h e 
product ion of spring whea t , d u r u m type w h e a t s have failed to spread in H u n g a r y . 
I th ink it should be possible, b y means of su s t a ined breeding e f fo r t s , to produce a s e m i -
dwarf. disease resistant, w i n t e r hardy du rum win t e r wheat, w h i c h could compete in 
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yie ld ing ability w i t h t h e aes t ivum w h e a t s even in H u n g a r y . However , the w in t e r har-
diness of the d u r u m w h e a t s known a t present will p robab ly not be suff icient under 
H u n g a r i a n condit ions. I t is therefore quest ionable whe ther or not durum whea t pro-
d u c t i o n on larger a reas should be s t a r t e d in the near f u t u r e . If the breeders succeed 
in developing d u r u m win te r wheat fulf i l l ing the above r equ i remen t s , there seems to be 
no object ion to a l imi ted ex ten t of d u r u m product ion. Provis ion should be m a d e , how-
ever , to isolate it f r o m the aes t ivum whea t s , lest it should endange r the qua l i ty of the 
H u n g a r i a n bread-whea ts . In a regional d is t r ibut ion of this k ind , du rum whea t s would 
h a v e to be grown p r imar i ly in the sou the rn par ts of t he c o u n t r y . This would not , 
however , be a d v a n t a g e o u s because the product ion areas of qua l i ty b read -whea t s in 
H u n g a r y also fall w i th in this zone. 
Breeding d u r u m whea t s is desirable in Hungary as elsewhere, if only because 
t h e y are expected to play an increasing role in the f u t u r e owing to their high p ro te in 
con ten t s . However, as long as their su i tab i l i ty for p roduc t ion in Hungary is n o t u n a m -
biguously established, a n d the areas of p roduc t ion are not m a r k e d out , their p roduc t ion 
is n o t recommended . 
NAGY. В.: I n my opinion d u r u m wheats canno t be expected to spread until high yielding 
h y b r i d s are avai lable , since the present sys tem of incentives is not sufficient t o force 
the producers to grow this type of whea t , which, while good in qual i ty , falls b e h i n d the 
sof t whea t s as regards yield reliabili ty a n d yielding abi l i ty . 
POGÁCSÁS, GY.: I have not grown hard-grained d u r u m wheats, nor h a v e I set up fa rm-sca le 
t r ia l s wi th them, so m y opinion can only be based on l i t e ra ry da ta . 
PLETSER, J . : It is a good o m e n for the acc l imat iza t ion of du rum w h e a t s in Hungary t h a t the 
s y s t e m a t i c breeding carr ied out dur ing t he last decade and a half has produced d u r u m 
w i n t e r forms whose increased winter hard iness enables the in to he grown in regions 
f a r t h e r north t han earl ier . Today d u r u m whea t s are sucessfully grown on the P o plain 
a n d on the hills of Bologna, as well as in Sicily. The growing a rea of durum w h e a t s has 
sh i f t ed nor thwards in the Soviet Union as well. In c o m p a r a t i v e small-plot t r ia ls the 
yield of prospective var ie t ies produced in H u n g a r y has come close to the yield level of 
a e s t i v u m wheats. T h e mild winters of t he last years do no t , however , mean t h a t the 
c l imat ic conditions in H u n g a r y are su i tab le for the p roduc t ion of du rum whea ts . Over 
an average of f i f ty yea r s , t en severe win te r days (with a m i n i m u m air t e m p e r a t u r e of 
— 10°C or below) occur annual ly even in the southern p a r t s of H u n g a r y . The f r e q u e n c y 
of da i ly minimum t e m p e r a t u r e s at Szeged is shown in Tab le 1. 
According to t he f requency percen tages a few days wi th a m i n i m u m t e m p e r a t u r e 
of 20°C can be r eckoned with every th ree years. T e m p e r a t u r e s be tween - 1 0 and 
—15°С can be expec ted every year on 3—4 days in each win te r m o n t h , giving a to ta l 
of 10 occasions. In ex t remely cold win ters the air t e m p e r a t u r e may drop to —30°C 
even in the southern p a r t of Hungary . On 24th J anua ry 1942, —29.Í°C was measu red 
a t Szeged. 
Before d u r u m whea t can be in t roduced its winter ha rd iness must be t e s t ed and 
c l imat ic probabilit ies m u s t be used to decide whether p roduc t i on would he an economic 
propos i t ion . 
Table 1 
Percentage frequency of daily temperature minima. 
Szeged, 1901—50. (Kakas 1967)* 
XII. и. 
— 20°C 1 1 1 
— 15 20°C 2 3 3 
- 1 0 — 15°C 9 14 10 
* KAKAS, J . (ed.) (1967): Magyarország égha j la t i atlasza I I . A d a t t á r (Climatic m a p of 
Hungary I I . Collection of da ta ) . Akadémiai K iadó , Budapest , 41—82, 125—160 
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ROMANY, P. : I n o r d e r to produce b e t t e r qua l i ty p r o d u c t s the pas ta i n d u s t r y requires a c e r t a i n 
q u a n t i t y of f l o u r ob ta ined f r o m d u r u m w h e a t . 
D u r u m wheat has l o w e r yielding ab i l i ty t h a n o ther t y p e s of w h e a t . E c o n o m i c 
ca lcu la t ions should he m a d e o n the p u r c h a s e p r ices the p a s t a i n d u s t r y can a f fo rd to 
pay for w h e a t s of this q u a l i t y , to de te rmine w h e t h e r these p r i c e s wou ld c o m p e n s a t e 
the f a r m s f o r the loss r e s u l t i n g f r o m the lower yie ld . Breeders o u g h t to m a k e e v e r y 
effort to inc rease the y i e l d i n g ab i l i ty of d u r u m whea t s . The q u e s t i o n of whe ther a n 
increase in t h e product ion a r e a of d u r u m w h e a t s in H u n g a r y is economica l or no t c a n 
only be d e c i d e d by c o m p l e x ana lyses . 
KOSTA, К . : W i t h a v iew to s a t i s f y i n g t h e r q u i r e m e n t s of t he pas ta i n d u s t r y a n d the possible 
export d e m a n d s , I consider t h e p roduc t ion of d u r u m w h e a t s on l im i t ed areas in t h e 
southern p a r t s of T r a n s d a n u b a a n d the Grea t P l a i n reasonable . 
I n o r d e r to avoid f r o s t d a m a g e caused b y occasional co ld , snowless w i n t e r s , 
it would b e b e t t e r to grow d u r u m spring w h e a t s , which p r o d u c e s o m e w h a t lower y ie lds , 
but wh ich c a n be grown m o r e re l iably, r a t h e r t h a n d u r u m w i n t e r w h e a t s . 
SZALAY, D.: A f t e r several decades of breeding w o r k a t Odessa and K r a s n o d a r there is still 
no w i n t e r f o r m with a d e q u a t e win te r ha rd ine s s a n d yielding ab i l i t y in the morpho lo -
gical r a n g e of ha rd-gra ined w h e a t s (T. durum). I n the C a r p a t h i a n bas in L. Y e n e n y 
tried, f r o m t h e 1920's o n w a r d , to produce T. durum va r ie t i es b u t w i thou t success . 
W h e a t s s o w n in spring g ive s u b s t a n t i a l l y lower yields in H u n g a r y t h a n those sown in 
winter , so spr ing d u r u m w h e a t s are not c o m p e t i t i v e u n d e r H u n g a r i a n condi t ions . T h e 
n u m b e r of va r i e t i e s be long ing t o th is species is on ly a f r a c t i o n of t h o s e found in T. aesti-
vum, a n d in tens ive t ypes a r e miss ing a lmos t comple te ly . On t h e a b o v e grounds it is 
very d i f f i c u l t to produce a d u r u m whea t f i t f o r H u n g a r i a n c o n d i t i o n s . There is l i t t l e 
l ikelihood of successful b r e e d i n g wi th in t h e foreseeable f u t u r e e v e n if cons iderab le 
i n v e s t m e n t s are made. 
I d o not think t h a t T. durum will be i n t r o d u c e d into c o m m e r c i a l p roduc t i on in 
H u n g a r y f o r some years t o c o m e in spite of t h e f a c t t h a t i ts w o r l d m a r k e t price is con-
siderably h ighe r t han t h a t of c o m m o n w h e a t . 
SZÁNIEL, I . : I a m sure t h a t d u r u m w h e a t can be g r o w n on A larger a rea e v e n unde r H u n g a r i a n 
wea ther cond i t ions . I t m u s t b e added , h o w e v e r , t h a t there a re a n u m b e r of o b j e c t i v e 
and s u b j e c t i v e condit ions f o r t h i s . The most i m p o r t a n t of t h e m is to o b t a i n a su f f i c ien t ly 
high y i e l d i n g winter h a r d y v a r i e t y , and to m a k e d u r u m wheat economica l ly accep t ab l e . 
Separa te s to rage , mill ing, t h e m a n u f a c t u r i n g of p a s t a w i t h o u t eggs, t he c rea t ion of 
possible e x p o r t marke t s fo r d u r u m whea t , t h e e x p o r t of p a s t a , e t c . a r e all p roblems t h a t 
remain t o he solved. The s i t e s mos t su i tab le f o r d u r u m w h e a t p r o d u c t i o n should b e 
found a n d m a d e known t o t h e p roducers , a n d p a s t a m a n u f a c t u r e d wi thou t eggs m u s t 
be p o p u l a r i s e d with the c o n s u m e r s . 
PÁL. GY.: H u n g a r y is placed f i f t h a m o n g the c o u n t r i e s growing w h e a t on a n area larger t h a n 
1 mill ion h a ; i ts terr i tory f a l l s wi th in the qua l i t y wheat p roduc ing zone . Considering t h e 
high wor ld m a r k e t demand e v e n 1'or non-qua l i t v whea ts , and t h e f ac t t ha t the popula t ion 
of H u n g a r y still satisfies a l a r g e proport ion of i t s protein r e q u i r e m e n t s f rom whea t , a n d 
also t a k i n g in to account t h e e x t r a price per q paid for quali ty, shou ld preference be g iven 
lo the b r e e d i n g and, even m o r e , to the p roduc t ion of quality or n o n - q u a l i t y w h e a t ? 
BALLA, L.: H u n g a r y is a c o u n t r y t r a d i t i o n a l l y p r o d u c i n g and c o n s u m i n g good qua l i ty w h e a t s . 
The H u n g a r i a n milling a n d b a k i n g t echno logy , the qua l i ty c r i t e r i a , a n d last b u t no t 
least I lie d e m a n d s of the c o n s u m e r s r equ i re t h a t good qua l i t y w h e a t s be grown. On a 
smaller a r e a poorer q u a l i t y w h e a t might be g r o w n t empora r i l y fo r an ima l feeding p u r -
poses. b u t t h i s is no longer of m u c h i m p o r t a n c e , as the v a r i e t y M a r t o n v á s á r i 4 is e q u a l 
to the f o d d e r wheats as r e g a r d s yielding a b i l i t y a n d ear l iness , a n d i ts win te r h a r d i n e s s 
and q u a l i t y are u n o b j e c t i o n a b l e . 
BEKF., F.: In m y opinion cereals wi l l be the mos t i m p o r t a n t economic w e a p o n (similar to oil) 
in t he p e r i o d ahead. I t is q u a n t i t y r a the r t h a n q u a l i t y t h a t w ill b e of decisive i m p o r t a n c e . 
The q u e s t i o n of food, p a r t i c u l a r l y of p ro t e in , will be c o m p l e m e n t e d by a search for o t h e r 
foods o r p l a n t s , and o the r technologies . I t is a l u c k y occur rence to f i n d yielding ab i l i t y 
coupled w i t h high qua l i t y , a s exper ience s h o w s t h a t the c o r r e l a t i o n s are usual ly nega-
tive, t h o u g h this is no t i n e v i t a b l e . 
BELEA, A.: B r e e d i n g wheat for q u a l i t y has g rea t t r a d i t i o n s in H u n g a r y . The avai lable H u n -
gar ian w h e a t gene stock ( B á n k ú t i , Fe r tőd i . B á n á t i , etc.) . w h i c h is a n i m p o r t a n t q u a l i t y 
gene s o u r c e all over the w o r l d , should be inc reas ing ly ut i l ized fo r cross ing. The p r o d u c e r s 
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should he given a premium for q u a l i t y to make t h e m in teres ted in growing qual i ty wheat . 
Our exports can also only be increased with qua l i t y whea ts . 
Bócz , E . : Farms h a v e recent ly preferred growing higher yielding variet ies which do not meet 
the t radi t ional qua l i ty requ i rements . 
In my opinion, with a view to the rel iabil i ty of product ion it would be be t t e r 
not to fix the r a t io of wheat var ie t ies as yet . At p re sen t be t te r qual i ty whea ts are grown 
in quite a large proport ion, and t h e y are sufficient to improve the qua l i ty of bread at 
home and to s a t i s fy the current expor t demands as well. To a cer ta in ex ten t , fa rms are 
incited to grow be t t e r quali ty var ie t ies even by the current prices. If a fa rm decides 
to grow poorer qua l i ty wheats , it cer ta in ly has a good reason for doing so, thus the deci-
sion should be accepted. 
CSONTOS, M.: Whea t breeding in H u n g a r y should concen t r a t e on qual i ty . At the same t ime, 
about one- third of the wheat area of Hungary should be made avai lable for the produc-
tion of non-qua l i ty foreign wheat varieties. In th is way the domestic d e m a n d for qual i ty 
can be sat isf ied, while the p roduc t ion of varieties grown for expor t , a n d known to the 
buyers, can be ad ju s t ed to world marke t demands . 
ERDEI, P. : As long as whea t s are eva lua t ed in Hungary by commercial cha rac te r s (hl-weight, 
hardness, thousand-gra in-weight , etc.) ra ther t h a n on the basis of the quan t i ty a n d 
quality of p ro te in , product ion will give preference, for economic reasons, to " q u a n t i t y " 
wheats. 
The p roduc t ion of high yie ld ing hut poor q u a l i t y w heats canno t he the purpose 
of breeding in H u n g a r y . On the c o n t r a r y , good qua l i t y and grain composi t ion coupled 
with high yie ld ing ability mus t be aimed at . 
K i s s , Á.: What is qua l i t y w h e a t ? In H u n g a r y good qua l i t y whi te bread is m a d e f rom the f lour 
of wheats wi th a high gluten c o n t e n t . Is this b read of high nut r i t ive v a l u e ? While cer-
tainly tas ty , it c anno t be considered nourishing. I t s nu t r i t ive value canno t be compared 
with that of b r ead made of rye- f lour , which conta ins 40 - 60° o more lysine. Is any a t ten-
tion paid to t he biological value, t h e v i tamin B, c o n t e n t of b r ead? Rye, and part icularly 
the stabilized whea t - rye hybr id ensure , by means of their higher prote in content a n d 
increased amylase act ivi ty , b r ead with higher lysine, t r y p t o p h a n e and vi tamin B, 
contents. 
By m e a n s of proper hea l th propaganda this also should he included in the con-
cept of qual i ty b r e a d : the qua l i ty of the tas ty whi te bread ought to be improved by 
adding rye or t r i t ica le flour to the basic material in order to increase t he nut r i t ive value 
of this highly i m p o r t a n t foods tu f f , and. th rough i ts na tu ra l v i t a m i n B, content , to 
provide a highly efficient medicine against cardiac infarc t ion . 
Thus, while giving preference to the p roduc t ion of qual i ty whea t s , a r rangements 
should be m a d e to ensure a cer ta in propor t ion of f lour with higher pro te in , t r y p t o p h a n e , 
lysine and, last b u t not least, v i t a m i n B, contents , and , if necessary, the food indus t ry 
should be encouraged to produce heal thier bread wi th a higher nu t r i t ive value. This is 
imperative if t he healthier nu t r i t i on of the popu la t ion is to be achieved. 
KOLTAY, A.: Eve ry th ing should he done to ensure good q u a l i t y . We are a bread-ea t ing na t ion , 
and bread and o t h e r far inaceous p r o d u c t s will r e m a i n impor tan t foods tuf f s in Hungary 
for a lor.g t ime. T h e demands m a d e by the popula t ion of Hungary as regards the qual i ty 
of bread a n d of far inaceous p r o d u c t s in general (milk-bread, s t rufe l , granulated dry 
pastry, noodles for soup, etc.) is well known. This d e m a n d should be satisfied as fully 
as possible. 
Wheat is pr imar i ly a raw mate r i a l for the mill ing and baking indus t ry , therefore 
its utilisation va lue (quality) is de te rmined by t he d e m a n d s of these industries. The 
wheat required for the milling a n d baking indust r ies should he red -b rown, hard, ful l , 
fine-coated, ! w i t h a glassy f rac tu re , 40 — 50 g thousand-gra in-weight , the highest possible 
hl-weight, and above all a high, good quali ty g lu ten con ten t . All these properties, hut 
particularly t he quan t i t y and q u a l i t y of gluten, are more or less s teadi ly t r ansmi t t ed 
trai ts , though they are influenced b y many other f ac to r s . Among the object ive of wheat 
breeding, emphas i s must he laid on quali ty, as well as on other character is t ics wich 
determine the p roduc t ion value. 
There h a v e been examples in the history of H u n g a r i a n wheat breeding of good 
qual i ty and up - to -da t e yielding abi l i ty being not necessari ly opposing features . 
The ef fec t of climatic fac to rs on quality is a general ly known fac t . Tempera tu re 
and light condi t ions between head ing , ripening and harves t ing are de t e rminan t s in the 
case of wheat . T h e quali ty of t he f lour is more i ndependen t of the ex t r emes of c l imate 
in really high q u a l i t y wheats, t h o u g h the differences between the yea rs are invariable 
great . 
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The breeders have already p r o d u c e d high yielding variet ies of in tens ive character 
a n d unobjec t ionable baking qua l i ty . T h e new selections are excellent in th i s respect, 
a n d endeavours should be made in the f u t u r e to grow qua l i ty whea ts on the en t i re sowing 
a r e a , if possible. 
The qual i ty of the wheat is decis ively influenced b y the t ime of ha rves t . Exper-
ience shows t h a t the same whea t va r i e ty grown at the same site in the same year 
m a y be of good, med ium or qu i te poor quali ty when harves ted a t d i f f e ren t t imes. 
I t also holds t rue t h a t in dry wea the r , o p t i m u m for harves t ing , the var ie t ies keep their 
he red i ta ry good qua l i ty even when c u t a t the stage of dead ripeness. 
KURUCZ, GY.: The whea t va r i e ty a s so r tmen t in Hungary should include bo th q u a l i t y (higher 
p ro te in content) a n d non-qual i ty w h e a t s . The question of whether it is p r acticable to 
breed wheat for qua l i ty in H u n g a r y should be decided t ak ing into cons idera t ion the 
avai lable breeding mater ia l and the inte l lectual and f inanc ia l resources of the c o u n t r y . 
T h e in t roduct ion of foreign qual i ty w h e a t s mus t not be lef t out of considera t ion. In my 
opin ion , the i m p r o v e m e n t of non -qua l i t y wheats is t he ma in breeding ob jec t ive in 
H u n g a r y . 
On quite large areas of H u n g a r y , especially along the river Tisza and in the 
s o u t h e r n part of t he country, qua l i t y whea ts can be eff ic ient ly grown. T h e type of 
whea t grown by a f a rm is pr imari ly a func t ion of p rof i t ab i l i ty . Prices, i.e. prof i tabi l i ty 
cond i t ions , are centra l ly regulated. T h e rat io of qual i ty to non-qual i ty w h e a t s to be 
g rown is decided by the s ta te on t he basis of domestic requi rements and expor t possi-
bil i t ies. 
I.ÁNG, G. : The more proper t ies the p lan t b reede r has to consider in developing a new variety, 
t he higher the d ivers i ty of the m a t e r i a l wi th which he mus t work and t he more diffi-
cul t the task of selection. This is especially t rue of p roper t ies which arc in negative 
correla t ion to one ano the r . The nega t ive correlation be tween the q u a n t i t y a n d quali ty 
of yield is not , however , unal te rable . There would be no po in t in increasing t he produc-
t ion potent ia l of a whea t var ie ty whi le leaving the qua l i ty completely ou t of consider-
a t ion . The b reak - th rough men t ioned in connection w i t h the negat ive correlation 
p rov ides an o p p o r t u n i t y in this d i rec t ion . At present qua l i ty is generally unders tood 
us being the su i t ab i l i t y of the f lour for baking bread a n d similar p roduc t s . As we saw 
in connection wi th the previous ques t i on , the qual i ty s t anda rds for dry p a s t a produc-
t ion are different . Final ly, in count r ies where the main prote in source is der ived from 
cereals , the q u a n t i t y and biological va lue of the protein are the most decisive indices 
of qual i ty . This po in t of view is also the most i m p o r t a n t for fodder whea t s . Under 
t he present condit ions in Hunga ry it woidd hardly be economical to consider only the 
qua l i ty or only t he quan t i t y . A sound compromise ensures the economic o p t i m u m for 
b o t h domestic consumpt ion and e x p o r t s . 
LELLEY, J . : The cassical in te rpre ta t ion of b a k i n g qual i ty shows a changing t endency all over 
t he world. The causes are: 
a) In the developed indus t r i a l countries of Wes te rn Europe , which earlier 
willingly bought h igh quali ty w h e a t s grown in the region of the river Tisza to improve 
the qual i ty of the i r f lours, the e f f i c ien t work of their breeders has resu l t ed in their 
growing wheat cu l t ivars which mos t ly mee t their d e m a n d s for baking qua l i t y . 
b) Knowing the bakery p r o d u c t s consumed ill these countr ies , a n d considering 
t he increasing emphas i s laid on "ca lory-consc ious" nu t r i t i on one canno t be surprised 
t h a t the type of b r ead usual in H u n g a r y is not sought a f t e r in these countr ies , and they 
are used to p r o d u c t s for which classical baking qual i ty is not a necessary condi t ion. 
c) In the same countries, due to the perfection of milling and bak ing technologies 
un i fo rm quality is preferred to excel lent qual i ty . 
d) From the point of view of food supplied to backw ard and developing countries, 
t he to ta l prote in con t en t of the whea t is much more i m p o r t a n t t han i ts b a k i n g quali ty. 
This changed view will r e m a i n prevalent in the f u t u r e . 1 am far f r o m claiming 
t h a t breeders should neglect the b a k i n g qual i ty , bu t i ts fe t ishizat ion a t the expense 
of yielding abili ty would be a great mi s t ake . 
The inverse correlat ion be tween yielding abili ty and qual i ty only causes diffi-
cult ies if breeding is neariug ex t r eme yielding ability. There are except ions even in this 
case, e.g. Bezostaya 1, or Jub i l e inaya 50. Good qual i ty m u s t thus be kep t in view in 
the f u t u r e as well, bu t the fu r the r increase in yielding abi l i ty requires ce r t a in conces-
sions, though only to an extent which will not damage the repu ta t ion of Hungar i an 
w h e a t . In this connect ion I consider t h a t quali ty whea t product ion should be region-
al ised. 
I should like to call a t t en t i on to an ever increasing d e m a n d in connect ion with 
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the total p ro te in content of w h e a t . The protein con ten t of the a e s t i v u m wheats grown 
at present is 1 2 — 1 3 % . Considering t h a t the popu la t ion covers its p l an t prote in require-
ment a lmost exclusively f rom w h e a t , it would be very useful to increase the to ta l 
protein con t en t s of wheats in H u n g a r y . By well-considered sys temat ic breeding m a j o r 
results could be a t ta ined w i t h o u t sacrificing the bak ing qual i ty . 
U n f o r t u n a t e l y , breeding for improved essential amino acid composit ion has 
failed to give concrete results so fa r , al though this could he of even g rea te r importance 
from the point of view of the n a t i o n a l food supply . I a m sure t h a t t he solution of th is 
problem is only a mat te r of t ime . I suggest, therefore , t h a t greater a t t en t ion must be 
paid to increasing the total p ro t e in content and improv ing the amino acid composition, 
without neglect ing the baking qua l i t y . 
NAGY, В.: My answer to question 4 pract ical ly covered ques t ion 5 too. In m y opinion, since 
the southern whea t varieties h a v e avoided a n a t u r a l selection for winter hardiness 
during the p a s t mild winters, t h e y can only be g rown wi th the risk of a substant ia l loss 
occurring if t he r e should be a con t inen ta l winter . The i r share in cereal product ion mus t 
not therefore go beyond the l imi ts of a calculated r isk. At the same t ime , taking care 
not to discourage the farmers , t he product ion of these varieties is unavoidable , par t i -
cularly for an ima l nutr i t ion purposes , due to the i r high yielding abi l i ty . 
POGÁCSÁS, GY.: The pr ice of eating w h e a t s in Hungary is uni formly 295 F t / q irrespective of 
the var ie ty . F o r wheat p roducers the quality r equ i r emen t s are t he re fo re determined 
by this price. We prefer those whea t varieties which give the h ighes t yields per h a . 
Qual i ty wheat would only he worth p roduc ing for export purposes, provided 
the wheat p roduc ing farm were given a premium of a t least 1 5 — 2 0 % . A t present th i s 
is not possible In Hungary , a n d wi th the current economic regula tors t he r e is not much 
likelihood of i t becoming possible during our l i fet ime. I t is super f luous to deal wi th 
quality wheat product ion. 
ROMANY, P.: Owing to the present pu rchas ing system (cri ter ia of qual i ty on rece ip t , purchase 
price) pr ior i ty is given by the p roducers to an increase in quan t i t y because of i ts higher 
profi tabi l i ty (e.g. Libellula). T h e breeders, on the o ther h a n d , mostly endeavour qui te 
rightly — to produce high q u a l i t y wheat variet ies. The recently cer t i f ied H u n g a r i a n 
wheat var ie t ies are good qua l i t y wheats for h u m a n consumpt ion. By increasing t he 
yielding abi l i ty of high qual i ty whea t s , as well as b y using str icter cr i ter ia of qua l i ty 
on receipt, t h e f a rms could be m a d e to give pr ior i ty to high qual i ty whea t product ion. 
UOSTA, K.: The c l imat ic conditions in Hungary , which are favourable for growing qual i ty 
wheats, should — in my op in ion — be utilized to the highest possible extent . Today 
there are good bak ing quali ty w h e a t s (including H u n g a r i a n varieties) which give reliable, 
high yields. Beside quality w h e a t s I th ink it reasonable to produce a def in i te proport ion 
of reliably g r o w n , yielding, h igh so-called soft w h e a t varieties. 
SEMJÉN, I.: There are an increasing n u m b e r of variet ies which, besides hav ing sat isfactory 
yielding ab i l i ty , also meet the qua l i ty demands ra ised by the world marke t . The pro-
duction and presen t s ta te of deve lopment of oil crops and legumes provides a greater 
possibility of covering the p ro t e in requirements of the popula t ion t h a n the product ion 
of wheat . 
Besides tak ing qual i ty requi rements in to considerat ion, breeding should he 
aimed at increasing the q u a n t i t y and at improving resistance to f u n g a l diseases. In-
creased qua l i ty is not , however, in proport ion wi th t he value of the q u a n t i t y produced. 
When examin ing the quality in t e r m s of nutr i t ive va lue we f ind t h a t in a larger volume 
more useful n u t r i e n t s are ava i lab le over the same area . 
Baking qual i ty (the in t ens i ty with which the dough rises, etc.) is a different 
question, which could he g rea t ly improved by qua l i t y work in the baking indus t ry , 
even if this reqt i i red extra f inanc ia l input . This would certainly be cheaper t han pu t t ing 
up with smaller yields in f avou r of higher baking qua l i ty . 
In our experience the var ie t ies suitable for large-scale p roduc t i on are those 
which are r e s i s t an t to var ious f u n g a l infections (Libellula, . lubi leinaya, Sava, Zlatna 
dolina, etc.). They generally r i p e n by the beginning of the rainy s u m m e r period, so they 
can be ha rves t ed under fair ly d ry conditions and thei r qual i ty can be preserved well. 
There are innumerab le examples of the pos t -ha rves t qual i ty of ear ly wheats being 
superior to t h a t of the late var ie t ies . They do no t become leached or soaked, they can 
be harves ted easily and at low cost , they need d ry ing only except ional ly , and are easy 
to store. U n d e r Hungar ian condi t ions the grains of la te qual i ty w h e a t s of ten shrivel 
at ripening. 
According to our p resen t knowledge of w h e a t varieties, ear ly , high yielding 
varieties r e s i s t an t to fungi should be widely grown. 
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SzAI.AI, L . : Wheats of v e r y high qual i ty c a n undoub ted ly he g rown in H u n g a r y . Considering 
t h a t good qual i ty w h e a t variet ies also h a v e high yielding abi l i ty , I t h i n k t h a t the pro-
d u c t i o n of high y ie ld ing , good qua l i t y w h e a t s should be t h e p r imary a im. At the same 
t i m e , it is reasonable to develop a n d p roduce special f o d d e r whea t var ie t ies for feeding 
pu rposes , bu t a s h a r p dist inction m u s t he made b e t w e e n fodder and ea t ing wheats , 
s ince the demands m a d e on the q u a l i t y of eat ing whea t s are qui te d i f f e ren t f r o m what 
is expec ted of f o d d e r wheats . For e x a m p l e , fodder w h e a t s ought to he e v a l u a t e d for 
t h e i r feeding value , i n s t ead of being p l aced in the fodder w h e a t category s imply because 
t h e i r baking qua l i ty is inferior to w h a t is r ight ly d e m a n d e d f r o m an ea t ing w h e a t . Good 
f o d d e r wheat is s u b j e c t to jus t as s t r i ngen t qual i ty s t a n d a r d s as ea t ing w h e a t . Accord-
ing ly , it is r easonab le to pay as m u c h a t t en t i on to the p roduc t ion and m a r k e t i n g of 
f o d d e r wheats as to those of ea t ing w h e a t s , hu t the two canno t he i n t e r changed under 
a n y circumstances. 
Industr ies u t i l iz ing wheat or f l ou r are in the process of rapid d e v e l o p m e n t all 
ove r the world; t h e y are charac te r ized by a high degree of p roduc t ion concen t r a t i on , 
mechan iza t ion , a n d in m a n y places a u t o m a t i o n . Technica l progress of th i s k ind is 
inev i t ab ly associated wi th un i fo rmi ty of qual i ty . U n i f o r m , good qua l i ty f l ou r ensures 
a un i fo rm good q u a l i t y end-produc t . T o d a y not only are mach ines sui table for replacing 
phys ica l work used in baking t echno logy , bu t also those which improve t h e qua l i ty , 
t h o u g h otherwise of no economic use. However , a p recond i t ion for t h e o p e r a t i o n of 
s u c h machines is t h e adequa te q u a l i t y of the basic ma te r i a l . Flours of poo r baking 
q u a l i t y cannot be t r a n s f o r m e d in to ones of adequate q u a l i t y by any technologica l pro-
c e d u r e or chemical t r e a t m e n t . T h a t is w h y quali ty w h e a t s should he g iven preference 
in whea t p roduc t ion . 
SZALAY, i ) . : At present t h e efficiency of w h e a t product ion in A given f a r m is decisively deter-
m i n e d by q u a n t i t a t i v e indices. T h e p r e m i u m paid for qua l i t y is very low a n d is not 
a l w a y s realized ( d u r i n g harves t ing t h e r e is neither t ime nor a p p a r a t u s for suitable 
q u a l i t y control). 
Fur ther s t eps should be t a k e n to make the f a r m s in teres ted in growing varieties 
w i t h good qual i ty f l ou r . In H u n g a r y t h e conditions, t h e t rad i t ions a n d t h e present 
d e m a n d all j u s t i fy t h e product ion of qua l i ty wheats . T h e consumpt ion of b r e a d and 
p a s t a is relatively h igh in H u n g a r y . T h e popula t ion lays g rea t emphas is on t h e qual i ty 
of bread , fa r inaceous p roduc ts and f l ou r . Thus , the m a i n t e n a n c e or possible improve-
m e n t of the bak ing qua l i ty of w h e a t shou ld be included in breeding ob jec t ives . This is 
also just if ied by t h e expor t possibil i t ies. Excellent qua l i t y whea t s can be sold with 
m o r e cer tainty a n d a t a higher jtrice. 
In fodder w h e a t s the gluten q u a l i t y can be to ta l ly neglected. The va lue of whea t 
va r ie t i es produced f o r feeding pu rposes is determined, besides the crop v o l u m e , by the 
a m o u n t and biological value of t h e prote ins . The i m p r o v e m e n t of these proper t ies 
c a n n o t he neglected in whea t var ie t ies produced for ea t ing purposes e i ther , b u t in these 
var ie t i es good g lu t en qual i ty is a p r i m a r y requi rement . 
SZÁNIEL, I . : First of all, it is not quite clear w h a t quali ty m e a n s a t present . A b o v e all, the 
b a k i n g industry d e m a n d s uni form b a k i n g qual i ty . S t e a d y B j qual i ty f lour is preferable 
to f luc tua t ing A , — A 2 — B , qual i ty . W h e a t s and f lours w i t h A baking q u a l i t y are used 
as qual i ty improvers , while the С w h e a t s are of fodder qua l i ty . Prote in c o n t e n t is not 
y e t an economically recognised q u a l i t y fac to r . 
The quest ion arises, which of t hese ma jo r qua l i ty f ac to r s should he p re fe r red . 
T h e bes t way is p r o b a b l y to consider t h e m all i m p o r t a n t , as all of t h e m are needed. 
In breeding, the d e v e l o p m e n t of va r i e t i e s wi th excellent (A) baking qua l i ty a n d higher 
p r o t e i n content a n d the deve lopment of fodder whea t s should have p r io r i ty . The pro-
d u c t i o n of a m i x t u r e wi th un i fo rm q u a l i t y is a quest ion of s torage and mil l ing. 
But in this case too the p r o b l e m s of separate s to rage and economic accep tance 
ar ise bo th with r e spec t to baking q u a l i t y and protein c o n t e n t . 
SZÉKESSY-HERMANN, V.: T h e terr i tory of H u n g a r y falls wi th in t he qual i ty w h e a t zone, t hus 
i r respect ive of the w orld marke t d e m a n d for non-qual i ty w h e a t s I feel t h e accen t should 
be placed on growing qual i ty w h e a t s in t he near f u t u r e for t he reasons ou t l ined below. 
There are t w o m a i n r e q u i r e m e n t s of correct n u t r i t i o n , one of wh ich is quant i -
t a t i v e , t h a t is, to s a t i s fy the calory r equ i r emen t , and the o the r q u a l i t a t i v e , t h a t is, to 
s u p p l y indispensable compounds such as essential a m i n o acids, v i t a m i n s a n d o ther 
accessory subs tances . 
Today the n u t r i t i o n of people in backward and developing countr ies is u n d o u b t -
edly characterized b y q u a n t i t a t i v e (calorific) deficiencies. Never theless , t he world-
wide development of agricul ture, t h e process of mechan iza t ion , the t e chn iques of soil 
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amel iora t ion and the new" p l an t varieties to lerant to unfavourab le cl imatic condi t ions , 
together w i t h the act ivi t ies of various world organizat ions and t he social progress of 
the peoples concerned, all suggest t h a t apa r t f r o m in regions a f f ec t ed by ca ta s t rophes 
the q u a n t i t a t i v e componen t of nut r i t ion is likely to be solved. B u t in any case, s ince 
H u n g a r y is a small coun t ry it possesses only a low potent ia l in th is respect. 
The o ther serious p rob l em to be solved is t he qual i ty of nu t r i t i on . The de ter iora-
tion of food qual i ty due t o the preference given to large yields t h r e a t e n s unpred ic tab le 
conséquences. More and m o r e statist ical da t a call a t t en t ion to t he fac t tha t h a r d l y 
registered qual i ta t ive changes in our foodstuffs m a y cause a r educ t ion in the inte l lectual 
capacit ies r a the r t han a phys ica l weakening. 
If we consider only the protein r equ i remen t it cannot be denied tha t this c a n 
he covered by foods tuf f s conta in ing biologically less valuable p ro te ins , but in tha t case 
a subs tant ia l ly larger q u a n t i t y of food would h a v e to be consumed . To mention s o m e 
ex t reme examples: the daily 0.7—1.0 g/kg body weight protein requ i rement for a d u l t s 
r ecommended by W H O is fu l ly covered by the consumpt ion of 0.5 kg meat , while e v e n 
I kg of whea t would h a r d l y be sufficient. For the organism ne i ther large surpluses of 
amino acids useless in bu i ld ing i ts own proteins , nor a p e r m a n e n t excess of n u t r i e n t s 
supplying calories ( c a r b o h y d r a t e and fa t ) are a m a t t e r of indi f ference . The former over -
burdens t he organism owing to the synthesis and excret ion of ni t rogen-containing m e t a -
bolic end-produc t s , while t he la t ter is the source of pathological changes, par t icular ly 
in the hear t a n d blood-vessels, associated with obesi ty . I t is wor th considering a r e m a r k 
in a recent ly publ ished biochemical text-book, namely , that in the developed count r ies 
the nu t r i t iona l habi t s are a source of concern, because while the r ap id progress of t ech -
nology a n d indus t r ia l iza t ion is making hard physica l work a th ing of the past , peop le 
still eat a n d drink as if t h e y were doing hard physica l work. 
The combinat ion of egg and pota to prote ins is a no twor thy example of a f a v o u r -
able combina t ion of pro te ins of animal and vege tab le origin. The biological value of 
proteins is usually referred to full egg protein , which is taken as 100. Egg and p o t a t o 
proteins in a rat io of 1 : 2 p rov ide a favourable amino acid composi t ion with a biological 
value of 135. Natura l ly , th is is only of exper imenta l interest , as the protein content of 
po ta to is low, and if we were to cover our p ro te in r equ i rements in th is way, we w o u l d 
have to consume one and a half eggs and abou t one and a half kg p o t a t o a day. 
I n most developed countr ies , besides foods tu f f s of an imal origin, wheat is t h e 
main source of protein for h u m a n s and is consumed par t ly as b r ead a n d part ly as p a s t a 
or pa s t ry . The aim of p roduc ing quali ty whea t s should be to ensure that the p r o t e i n s 
of whea t provide not only t he desired baking q u a l i t y b u t also o p t i m u m compl imenta t ion 
of the biological value of an ima l proteins. 
TOMPA, GY.: AS I see it, an unambiguous ly concrete answer can hardly be given to this ques t ion . 
The ques t ion itself raises the fac t tha t owing to t he geographical posit ion of H u n g a r y , 
high b a k i n g qual i ty w hea t s can be grown on a lmos t the entire whea t area of the c o u n t r y . 
In my op in ion this possibi l i ty , which is given to compara t ive ly few countries, m u s t 
be exploi ted a t all cost , a n d quali ty wheat p roduc t ion mus t not be abandoned o n 
a considerable pa r t of the whea t area of H u n g a r y . 
On the other h a n d , according to the exper ience obta ined so far , there are s u b -
stant ial yield differences be tween soft and ha rd w h e a t s in f avou r of the former, w h i c h 
are able to produce an average yield surplus of 10 —15% c o m p a r e d to the la t te r . I n 
addi t ion, the producing f a r m s are still judged b o t h f inancial ly and morally — o n 
the basis of the absolute vo lume of yield. 
Nei ther the di f ferences in the s ta te pu rchase prices for sof t - and ha rd -g ra ined 
wheats , nor the qual i ty p r e m i u m s give any special advan tage to t h e producers, owing 
to the yield surpluses of non-qua l i ty wheats . T h e quest ion should be raised, howeve r , 
of whe the r the wheat qua l i t y s tandards current ly in use should not be revised when t h e 
long-planned recons t ruc t ion of Hungary ' s bak ing indus t ry becomes a reality. In o t h e r 
words, whe ther it will be necessary to keep up the area of wha t is now regarded as q u a l -
ity whea t if the same bake ry produc t can be ob ta ined f rom a lower quality v a r i e t y 
with m u c h higher yielding abi l i ty . 
Besides its u t i l iza t ion for human purposes the role of whea t as fodder as of 
growing impor tance , since i ts product ion costs are substant ia l ly lower than those, f o r 
example , of maize, and being a much earlier crop t h a n maize i ts ut i l izat ion may acce-
lerate p roduc t ion in cer ta in livestock branches . The propor t ion of the area sown to 
soft or fodde r wheat is therefore determined now and in the f u t u r e by the deve lopmen t 
object ives of livestock breeding as well. 
Las t bu t not least , whea t is an i m p o r t a n t expor t c o m m o d i t y for Hungary a n d 
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th i s wi l l he increasingly t r u e in the f u t u r e . I n countr ies w h e r e the level of w h e a t pro-
d u c t i o n is sufficiently h i g h , but is a t t a i n e d mos t ly by t h e p r o d u c t i o n of so f t w h e a t s , 
t h e r e wil l be a demand fo r qua l i ty w h e a t s f rom H u n g a r y a n d elsewhere in o rde r to 
e n s u r e t h e required q u a l i t y by means of t he proper rat io of m i x i n g . But it is imposs ib le 
to i g n o r e the fact t h a t f o r a very large p r o p o r t i o n of the wor ld p o p u l a t i o n even t h e 
bas ic f o o d supply is no t ensu red , t he r e fo r e t h e impor tance of w h e a t as a s t a p l e food 
c o n t i n u e s to increase. 
H u n g a r y has m a d e great p rogress t o w a r d s the f i n a l a im of w h e a t b r e e d i n g : 
to d e v e l o p and in t roduce in to commercia l p r o d u c t i o n va r i e t i e s in which h igh y i e ld ing 
a b i l i t y is coupled wi th p e r m a n e n t high q u a l i t y . The la tes t M v var ie t ies a n d t h e G K 
v a r i e t i e s h a v e proved t h a t the joint i m p r o v e m e n t of q u a n t i t y a n d qua l i ty is no U t o p i a n 
d e m a n d . 
TULCZ, I . : Jt is obviously q u a l i t y w h e a t t h a t s h o u l d be given p re fe rence in the cou r s " of b reed-
ing, a s t h i s is what will m a k e us c o m p e t i t i v e on the world m a r k e t in the long r u n , not 
to m e n t i o n the fact t h a t domes t ic c o n s u m p t i o n also calls fo r qua l i ty w h e a t . 
T h e current p r ice condi t ions do n o t encourage f a r m s to grow q u a l i t y w h e a t . 
T h e r e is a price d i f ference of only 4— 5 % . T h e high yielding var ie t i es f o u n d a m o n g the 
f o d d e r w h e a t s produce m u c h higher y ie lds t h a n the ea t ing var ie t ies so t h e f a r m s arc 
not f i n a n c i a l l y in te res ted in growing q u a l i t y whea t . A n o t h e r i m p o r t a n t p o i n t is tha t 
while l ives tock farms rece ive a share of t h e e x p o r t premius , in t h e case of c rop p roduc -
t ion. i nc lud ing wheat , t h e p roduc ing f a r m s a r e not made f i nanc i a l l y in te res t ed i n e x p o r t 
a c t i v i t i e s . 
T h e moral a p p r e c i a t i o n of h igher y ie lds cannot be neglected, i r r e s p e c t i v e of 
w h e t h e r t h e results h a v e been a t t a ined w i t h qua l i ty or n o n - q u a l i t y w h e a t . 
The quali ty w h e a t var ie t ies r e c e n t l y produced at M a r t o n v á s á r give n e a r l y as 
m u c h y ie ld as the h ighes t yielding n o n - q u a l i t y wheats. P r o v i d e d these v a r i e t i e s con-
t inue t o come up to e x p e c t a t i o n s , t h e q u e s t i o n of whe the r to grow q u a l i t y or non-
q u a l i t y w'heat will be so lved . I t is obv ious t h a t if nearly i d e n t i c a l yield v o l u m e s can he 
o b t a i n e d f r o m the two t y p e s of wheat the p r o d u c t i o n of q u a l i t y whea t s will he j u s t i f i e d 
since t h e selling price will n o t come as a s h o c k to the p r o d u c e r . 
* 
PAL, GY.: W i n t e r hardiness is a heredi tary f e a t u r e of the var ie ty; owing to its complexi ty its 
t r a n s m i s s i o n is complicated and its r e a l i z a t i on is greatly i n f l u e n c e d by e n v i r o n m e n t a l 
f a c t o r s a n d the plant 's p r e p a r a t i o n for the w i n t e r . Do you t h i n k tha t the whea t var iet ies 
i n t r o d u c e d f rom southern count r ies , wh ich h a v e been g rown oil large a reas in H u n g a r y 
for s e v e r a l years are s u f f i c i e n t l y selected fo r win te r hardiness , suf f ic ien t ly well prepared 
for t h e w i n t e r and su f f i c i en t ly adapted to t h e env i ronmenta l f a c to r s to be safely g rown 
even i n t h e occasional con t inen t a l w i n t e r s ? 
BALLA, L . : W h e a t var iet ies of s o u t h e r n origin, w i t h l i t t le or no w i n t e r hard iness , wh ich are 
c e r t i f i e d a n d grown on a s m a l l area (10- 1 1 % of the tota l w h e a t area) in H u n g a r y have 
no t b e c o m e winter h a r d y a n d their p r o d u c t i o n is risky. Th i s is no t a ques t i on of selec-
t ion o r a d a p t a t i o n because f resh seed is i m p o r t e d every y e a r . These var ie t ies m a y he 
d e s t r o y e d b y frost even i n an average w i n t e r . 
ВЕКЕ, F . : T h e w i n t e r hardiness of whea ts of s o u t h e r n origin is no t re l iable u n d e r H u n g a r i a n 
c o n d i t i o n s . I t is not p r o b a b l e that a f e w y e a r s of cu l t i va t i on and r e p r o d u c t i o n will 
p r o d u c e essential genet ic changes , i.e. a d a p t a t i o n . (The sowing area of San P a s t o r e . 
which w a s 200.000 c a d . y o k e (115.100 ha ) in 1962 has been r e d u c e d to 70,000 cad .yoke 
(40 ,285 ha ) . ) The mild w i n t e r s of the l as t f e w years were M e d i t e r r a n e a n w in t e r s , h u t 
will we w a i t un t i l a d i f f e r e n t t ype of w i n t e r comes before w~e realise the d a n g e r a g a i n ? 
Th i s is a dangerous p o i n t of view! 
BELEA, A . : T h e earlier i m p o r t e d I t a l i an ( F o r t u n a t o , R16, San P a s t o r e , etc.) a n d F r e n c h 
( M a d d a l e n a . Etoile de Cho i sy ) variet ies a re k n o w n to h a v e b e e n replaced in a re la t ive ly 
shor t t i m e owing to the i r p o o r frost r e s i s t a n c e and winter h a r d i n e s s , excep t for a few 
I t a l i a n (Libel lu la) , F r e n c h (Etoi le tie Cho i sy ) and recent ly Y u g o s l a v (Sava ) var ie t ies 
g r o w n i n t h e southern p a r t of H u n g a r y w i t h a reliabil i ty of 50 7 0 % . The mi ld w in t e r s 
of t h e p a s t few yea r s h a v e p romoted t h e spreading of t h e s e var ie t ies in H u n g a r y . 
An occas iona l hard w i n t e r , however , will ce r t a in ly reduce t h e i r sowing a rea . T h e y are 
no t e x p e c t e d to spread f u r t h e r in the n e a r f u t u r e , since H u n g a r i a n p lan t b r e e d e r s are 
e n d e a v o u r i n g to replace var ie t i es a d a p t e d to local condi t ions by i n t e r n a t i o n a l o n e s 
i n d e p e n d e n t of edaphon ic condi t ions a n d su i t ab l e for growing anywhere in t h e wor ld . 
Bocz . E . : T h e f a r m s are r a the r r e l u c t a n t to grow h i g h yie lding va r i e t i e s of sou the rn or igin on 
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larger areas, especially in the cen t ra l and northern p a r t s of Hungary. T h e r e is cer tainly 
a danger of more sensitive var ie t ies perishing in occasional e x t r e m e l y cold winters. 
T h e winters have lately been very mild . The next severe winter will f o r c e the farms to 
de t e rmine the p rope r ratio of var ie t ies . Unti l then it is u p to M a r t o n v á s á r to de te rmine 
t he degree of win te r hardiness in t h e new varieties a n d to inform t h e f a r m s of their 
f ind ings . For the t ime being it is o n l y on farms in t h e southern pa r t of H u n g a r y t h a t 
t he product ion of less frost res is tant variet ies on larger areas has b e g u n . 
CSONTOS, M.: The whea t varieties i n t roduced into H u n g a r y f rom southern coun t r i e s , par t ic -
u lar ly the I t a l i an var ie ty Libellula, h a v e generally become accl imatized to the weather 
condi t ions of t he coun t ry . It is p robab le that of t h e three factors m e n t i o n e d in t he 
ques t ion selection for winter ha rd ines s is the decisive one. 
ERDEI, P . : Winter ha rd iness is A he red i t a ry character of w h e a t , and as such , is of a determi-
na t ive na ture . T h e selective effect of the ecological conditions, b e t t e r p repa ra t ion for 
t he winter , and t he adaptabi l i ty of t h e var ie ty also p l ay a part in inc reas ing the winter 
hardiness , but these factors only m a k e their effect felt w i t h i n certain l im i t s . It is obvious, 
t h a t of the whea t varieties or ig inat ing f rom southern countries only t h o s e whose hered-
i t a ry winter hard iness and a d a p t a b i l i t y are bet ter t h a n the average h a v e been retained 
in commercial p roduc t ion . 
This is w h y it has become possible to grow a number of I t a l i a n and French 
var ie t ies successfully for some t ime in southern regions of Hungary . I n o rder to decide 
whe the r southern whea t s can be safe ly grown in H u n g a r y one mus t k n o w the variety 
in quest ion and t he actual growing site. 
K i s s , A.: Win te r hardiness is a complex h e r e d i t a r y charac ter . Presumably t h e w in t e r hardiness 
of whea t variet ies introduced f rom sou the rn countr ies and cul t ivated f o r several years 
in H u n g a r y has been improved b y slection and become to some e x t e n t adapted t o 
H u n g a r i a n condi t ions . I t would lie a hold s t a t e m e n t t o say tha t these var ie t ies can be 
safely grown even under ex t remely cold weather condi t ions. In H u n g a r y severe f ros t 
d a m a g e may he expected every t e n years or so; there fore , it is only in the southern 
pa r t of the c o u n t r y tha t these a b u n d a n t l y yielding variet ies of s o u t h e r n origin can be 
safely grown; high yields over n ine y e a r s will thus compensa te for a poss ib le one-year 
fa i lure of the w h e a t crop. 
KOLTAY, A.: The milder t h a n average, Medi te r ranean t y p e winters of recent y e a r s have really 
sat isf ied the r equ i rements of var ie t ies of southern a n d western origin. Moreover , in t he 
last few years even Mexican w heat var ie t ies of subt ropica l origin have s u f f e r e d no damage 
dur ing the winter . W e must not, however , forget t h a t in the Carpa th ian bas in very cold, 
cont inenta l , d ry , snowless winters m a y also occur, w h e n frost damage t o varieties wi th 
insuff ic ient win te r hardiness has to he expected. The las t severe win te r w a s in 1962 63, 
when , apar t f r o m those grown on t h e southernmost whea t areas of H u n g a r y , the southern 
a n d western var ie t i es suffered ser ious frost damage. A similar cold w in t e r is very likely 
to occur in the near fu ture . U n d e r Hungar ian condi t ions , therefore, suff ic ient winter 
hard iness is a basic requirement for variet ies grown on a large area. T h e increasing pro-
duc t ion of sou the rn varieties involves a considerable risk, for which we shall sooner 
or la ter pay a high price. 
LÁNG. G.: Under the c l imat ic condit ions of Hungary w h e a t varieties showing a genetically 
unobjec t ionable win te r hardiness can be grown more reliably t han t h o s e less to le ran t 
to f ros t . The I t a l i an and French w h e a t varieties a t present inc luded in commercial 
p roduc t ion belong to the la t ter ca t ego ry , so their product ion involves a certain r isk. 
It would not the re fore be advisable to sow a large proport ion of t he w h e a t area w i t h 
these varieties. Nevertheless, it is w o r t h utilizing t h e i r high yielding abi l i ty to such 
an extent t h a t t h e substant ial losses which might occur in a severe w i n t e r should n o t 
cause i r reparable damage to the n a t i o n a l economy. In fac t , owing to t h e i r earliness a n d 
re la t ive tolerance to drought these var ie t ies react f avourab ly to c e r t a i n meteorological 
f ac to rs which t h r e a t e n the success of wheat p roduc t ion , so the risk i n v o l v e d in growing 
t h e m is lower t h a n for frost r e s i s t an t varieties w i t h a longer vege ta t i on period. Thus , 
the i r commercial product ion, besides favourably in f luenc ing the vo lume of yield, reduces 
t he risk of p roduc t ion as well. 
LELLEY, J . : The last h a r d winter in H u n g a r y was in 1962—63. Even t h e n t h e wheat plots 
d id not suffer too m u c h damage, a n d no significant yield losses were f o u n d in the I ta l ian 
cul t ivers ei ther. Such severe w in t e r s seldom occur in Hungary . In sp i t e of this, nei ther 
t he Hunga r i an breeders , nor I hose tes t ing foreign cul t ivars should m a k e concessions 
as regards winter hardiness. T o d a y cult ivers which could cause t r o u b l e in this respect 
arc only grown on a very small a r ea . When breeding and testing new cu l t ivars winter 
hardiness must be judged by t he s a m e strict s t a n d a r d s as have b e e n appl ied so f a r . 
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POGÁCSÁS, GY.: Agr icu l tura l production a lways involves a c e r t a in amount of r isk. Growing 
whea t varieties i n t r o d u c e d from s o u t h e r n countries does no t exceed th i s normal risk, 
t h o u g h a few w h e a t f ields sown to such varieties m a y be th inned or de s t royed by frost 
once every qua r t e r of a century. F r o s t damage can be prevented with t h e proper cul-
tu ra l practices. 
PLETSER, J . : The mild w in t e r s of recent y e a r s made it imposs ib le to select the w in t e r wheats 
in t roduced in H u n g a r y f rom southern countries for w i n t e r hardiness. I t would he risky 
to produce them o n large areas. W h e n t he decision was m a d e to disseminate San Pastore 
only a few years w e r e t aken into considera t ion , which is w h y the first cold win te r caused 
large yield losses. D a t a on the f r e q u e n c y of m i n i m u m tempera tures , as measured at 
t h r ee stations: M a g y a r ó v á r . Kecskemé t and Ny í r egyháza , are presented in Table 1. 
In the table 0% ind ica tes the lowest a n d I00°O the h i g h e s t minimum measured so far . 
E v e n f rom this smal l table it can be clearly seen t h a t u n d e r the c l imat ic conditions 
of Hunga ry t e m p e r a t u r e s of —15 to —20°C, which t h r e a t e n the w h e a t s tands with 
des t ruct ion, may occur with a 25—50% probabil i ty. The re fo re , I consider it more ration-
al to grow h o m e - b r e d winter w h e a t s which are m o r e f ros t resistant a n d of bet ter 
comspot ion. 
Table 1 
Frequency of temperature minima 1901 -.50 
(Bacsó, 1959)* 
Month 
Frequency 
Magyaróvár Kecskemét Nyí regyháza 
X I I I и X I I I I i XI I I 
и 
n o U Q -19 .5 25.6 - 2 8 . 5 — 32.2 - 3 2 . 2 — 32.2 - 2 7 . 8 - 2 6 . 7 - 2 7 . 8 
2 5 % - 1 3 . 1 - 16.5 - 1 5 . 2 - 2 1 . 5 —17.8 — 17.0 - 2 0 . 0 — 18.8 - 1 6 . 7 
5 0 % 9.8 - 1 2 . 6 - 1 1 . 2 - 1 7 . 5 - 1 4 . 5 — 12.0 - 1 7 . 6 — 16.5 - 1 2 . 2 
75% - 6.0 — 7.7 - 7.6 - 1 5 . 0 - 1 1 . 0 — 7.8 - 1 5 . 9 - 1 0 . 8 - 8.0 
100% 1.9 1.6 - 1.5 7.6 - 3.2 — 2.8 - 7.6 — 5.2 - 1.2 
* BACSÓ, N. (1959): Magyarország égha j l a t a (The climate of Hungary). Akadémia i Kiadó. 
Budapest , 184—210, 232—245 
ROMÁNY, P . : Wheat va r i e t i e s originating f r o m southern c o u n t r i e s have become positively 
selected for winter ha rd iness in the course of several y e a r s of reproduct ion in Hungary . 
Their winter ha rd ine s s is better t h a n t h a t of the or ig ina l (e.g. Libebulla) , but due to 
the i r genetic p rope r t i e s their sensi t iv i ty to frost c o n t i n u e s to be higher t h a n those of 
t he Hungar ian or Sovie t qualified var ie t ies , and for t h i s reason in ha rd winters they 
m a y he severely d a m a g e d by frost . 
KOSTA, К . : The m a i n t e n a n c e of wheat va r ie t i e s originating f r o m southern coun t r i e s does not 
t a k e place in H u n g a r y . These whea t s are in cu l t iva t ion for 3—4 years , including the 
p ropaga t ion of seed. As I see it, some sort of selection does occur, b u t t h i s period is 
not long enough fo r complete acc l imat iza t ion . In d ry co ld winters p a r t of the crop is 
likely to he des t royed . These variet ies are grown at lower risk in the s o u t h e r n par ts of 
T ransdanub ia a n d t he Great Plain, b u t even there t h e c rop should he p ro tec t ed f rom 
f ros t damage by d e e p e r sowing, in w h i c h case tillering t a k e s place deeper belowr the soil 
sur face and the shoo t initia are exposed to frost to a lesser extent . 
SEMJÉN, I . : Most var ie t ies introduced in to H u n g a r y f rom s o u t h e r n countries c a n be safely 
grown even in c o n t i n e n t a l winters, if t he agrotechnical r equ i rements are s t r ic t ly observ-
ed. The precondi t ions of safe overwin te r ing are: o p t i m u m sowing t ime , appropr ia te 
soil prepara t ion, good qual i ty sowing a n d opt imum sowing depth. F r o s t s in the dry 
win te r of 1975—76, for example, caused damage to t h e Libellula s t a n d s only where 
agrotechnical f a u l t s h a d been made ( the seed was s m e a r e d into the m u d . etc.) . P lants 
sown deeper were n o t affected by f r o s t s at all. Wheat s t a n d s damaged by f ros t in strips 
(some of I he openers did not go deep enough) and su f f e r i ng thereby Í 5 — 2 0 % losses 
recovered sa t is fac tor i ly and gave a l m o s t full yields. T h e careful p repa ra t ion of winter 
crops is thus highly i m p o r t a n t . 
In my exper ience the so-called southern var ie t ies , which have b e e n known for 
a b o u t 15 years, h a v e no t suffered subs tan t i a l frost d a m a g e either at Mezőszilas (in 13 
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years) or a t Sárszentágota (in 4 y e a r s ) in spite of the i r poor winter ha rd iness . There has 
no t been a single case where a p lo t ha s had to be p loughed out either t o t a l l y or par t ia l ly 
for this reason. T h e agrotechnical ins t ruct ions were, however, strictly obse rved in every 
case. Whe h a v e no t had the o p p o r t u n i t y to f ind o u t whether their res i s tance to f ros t 
was exclusively due to this, because sowing with incorrect agrotechnics , as a control , 
has not been carr ied out. 
Thus, we have to draw t h e conclusion t h a t , t ak ing into a c c o u n t the average 
conditions, these southern var ie t ies can be safely g rown in Hungary . The i r winter har-
diness may not be equal to tha t in var ie t ies capable of tolerating much poorer conditions, 
more severe win te rs , or incorrect cu l t u r a l practices, b u t this only causes problems under 
ext reme wea the r conditions, in u n u s u a l l y hard winters , which seldom occur in Hungary . 
SZAUAY, D.: Whea t var ie t ies of southern origin (Libellula f r o m I taly, Sava f r o m Yugoslavia) 
which have been cul t ivated in H u n g a r y for many yea r s are subject to a cer ta in degree 
of na tura l selection depending on t he cropyear. However , the he red i t a ry features (e.g. 
the l imits of w in t e r hardiness) in t he varieties do no t change essent ia l ly . Substant ia l 
a d a p t a t i o n c a n n o t be expected e v e n af ter several yea r s , since the m a i n t e n a n c e of these 
var ie t ies t akes place at the or iginal breeding site. 
Since Libellula and later S a v a were in t roduced into cu l t iva t ion (in 1968 and 
1975. respect ively) extremely cold winters (with dai ly minimum t e m p e r a t u r e s below 
—20°C over a fa i r ly long per iod) h a v e not occurred on the H u n g a r i a n Great Pla in , 
so no s ignif icant f ros t damage h a s been observed in these varieties. T h e y also tolerated 
the low t e m p e r a t u r e s in the a u t u m n of 1975 and the spring of 1976 (a t the end of 
November 1975 a seven day cold per iod occurred wi th a min imum air t empera tu re of 
14.0 С and a rad ia t ion m i n i m u m of —14.5°C. T h e mild winter of 1976 was followed 
by a cold March . On 12th March a n air t empera tu re min imum of -13 .8°C and a radia-
t ion min imum of —17.0°C were m e a s u r e d with a 3 c m thick snow cover) . W i t h reference 
mainly to the f r o s t in March 1976, m a n y people are of the opinion t h a t t he product ion 
of both variet ies is f ree of risk, s ince no thinning was observed. It m u s t n o t be forgot ten , 
however, t ha t below a critical t e m p e r a t u r e m i n i m u m characterist ics of t h e variety f ros t 
damage suddenly increases. A w h e a t s tand which tolerates - 17°C w i t h o u t th inning 
o u t to any considerable degree m a y suffer more t h a n 5 0 % frosting a f t e r the t empera tu re 
has fallen' below —20°C. 
In g r o w t h chambers the f r o s t tolerance of t he varieties can be de termined, and 
expressed as a percentage of t h a t of the given s t a n d a r d s . However, t h e actual winter 
hardiness of t h e varieties can on ly be checked u n d e r natural condi t ions . The nex t 
severe winter (similar to that in 1962/63) will decide which varieties c a n survive expo-
sure to the occasional extremes of c l imate experienced in Hungary . A t p resen t the f ros t 
resistance level of Bánkút i 1201 a n d Bezostaya 1 is considered to be a precondit ion 
of reliable w h e a t production. 
In J a n u a r y 1963 m i n i m u m tempera tures below —10°C were measured over 
a period of 20 d a y s at Mar tonvásá r .* The lowest air t empera tu re w a s —21.2°C, and 
the radia t ion m i n i m u m —25.3°C. I n t h a t year at t he Exper imenta l F a r m of the Agri-
cul tural Research Ins t i tu te of the Hungar ian A c a d e m y of Sciences, nea r Mar tonvásár , 
more than 5 0 % of the plants in t h e Etoile de Choisy plots perished d u e to frost , so t h a t 
those plots h a d to he resown. I n 1940/41 the win te r was even more severe. 
The i m p r o v e m e n t of the growing conditions, par t icular ly p lough ing carried ou t 
in due t ime a n d to an adequate d e p t h , and an a b u n d a n t and balanced n u t r i e n t supply, 
decrease win te r damage to w h e a t . A t or below the op t imum sowing dep th (4 cm) 
the soil t e m p e r a t u r e does not decrease as much as it does on the sur face . The root 
sys tem is the p a r t of the p lan t m o s t sensitive to f ros t . Transistor m e a s u r e m e n t s poin t 
out a sharp t e m p e r a t u r e d i f ference between open soil surfaces and those covered by 
plants . F u r t h e r , we know t h a t t h e increased concen t ra t ion and viscosi ty of the cell 
sap generally provides better f r o s t resistance. And this may he a t t a i n e d by introducing 
500—600 k g / h a fertilizer active a g e n t into the soil. 
It is t h u s likely that genet ica l ly establ ished frost resistance poorer than w h a t 
was required 20— 30 years ago is sat isfactory t o d a y . This cannot , however , produce 
a difference of more than a few degrees Celsius in t he limits of winter hardiness . 
I t h i n k t he production of Libellula, Sava a n d other variet ies w i t h similar frost 
resistance is jus t i f i ed in H u n g a r y due to their f avourab le p roper t i es , b u t only on a 
* Th e t e m p e r a t u r e data are t he r e su l t s of observat ions made at the Mar tonvásá r Agro-
meteorological S t a t i on of the N a t i o n a l Ins t i tu te of Meteorology. 
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l imited area, so t h a t if they should be destroyed in the winter this would not make it 
necessary to impor t wheat (e.g. some 25— 30% of t h e to ta l wheat area of Hungary) . 
In the ease of f ros t damage this area could he utilized for early spring cereals or maize. 
TULCZ, I . : Winter hardiness has always been an exciting ques t ion for farmers in the case of 
unknown wheat variet ies . Members of the older genera t ion will r emember the wheat 
variet ies in t roduced f rom southern countr ies in the sixt ies, which gave very large yields 
for one or two years , b u t which were wi thdrawn f rom produc t ion af ter be ing destroyed 
by f ros t on large areas . To give an example : in 1960 t h e var ie ty San Pas to re was grown 
oil 40 ha in our co-operat ive fa rm a n d gave an average yie ld of 61 q /ha , w i t h the appli-
cation of 70 kg/ha to ta l fertilizer act ive agent. In the subsequent years this variety 
was destroyed by f ros t and was completely wi thdrawn f r o m product ion. 
In my opinion, in the accl imat iza t ion of the v a r i e t y Lihellula an i m p o r t a n t role 
was played by the fac t tha t for some years following its in t roduct ion cont inen ta l winters 
did not occur in Hunga ry . I n the f i rs t years a considerable ex ten t of th inning was observ-
ed during the win te r , hu t in recent years this has no t occurred any longer. True, the 
sowing lime has been changed in t h e menat ime, in order to protect the s t and against 
fungal diseases. In the last 4 years sowing has begun in October instead of around the 
previous date of 29th September. 
As I see it , Lihellula can now be safely grown under Hungar ian condit ions. 
One must be very careful wi th all the southern varieties recent ly in t roduced 
into Hungary . They should not be included in commercia l production unt i l they have 
been grown for several years on a small area. 
* 
PÁL, GY.: The efficiency of foliar fertilisation applied to whea t and the action mechanism О 
leaf sprays are problems which have been much discussed for several years, because ac-
cording to our present knowledge nut r ien ts sprayed onto t h e leaf surface of wheat can be 
taken up only th rough the stomata. Since spray fertilizers applied to the fol iage dry very 
quickly on the leaves, is it possible tha t the small quant i t i es reaching the s tomata can 
result in yield surpluses, or do the nu t r i en t s sprayed on to the leaves exert their yield-
increasing effect t h rough the soil, hav ing previously been washed off the leaves by the 
rain ? 
ВЕКЕ, F. : The effect and act ion mechanism of leaf spraying are still much deba ted questions . 
I n certain cases t h e effect is undoub ted ly highly pos i t ive , especially when the leaf 
spray contains microelements , or when the temporary nu t r i en t shortage of the stand 
can be compensated wi th a m i n i m u m quan t i t y of ac t ive agent. Top dressing carried 
out too early in a single dose does not always mean a m a x i m u m nu t r i en t supply , espe-
cially during the ma in period of growth. Frac t iona ted n u t r i e n t appl ica t ions , including 
leaf spraying, are in most cases eff icient . 
BÓCZ, E.: Many years of invest igat ion on foliar ferti l ization in wheat have not yielded the 
expected results. Of all the field crops it is primarily f r o m p lan ts belonging to the Papi-
lionaceae family t h a t an acceptable yield surplus has b e e n obtained. 
CSONTOS, M.: The problem raised could be the subject of A ve ry interesting series of experi-
ments , which would he of great pract ica l use in all b r a n c h e s of plant growing. 
The experience obtained in the course of large-scale farm m a n a g e m e n t cannot 
provide answers to this question and m a y lead to the wrong conclusions. 
DÉVAY, M.: The idea of supply ing nutr i t ion otherwise t han t h r o u g h the root sys tem, together 
wi th the fact t h a t p l an t s are able to take up nu t r ien t s t h r o u g h their leaves provided 
a sound basis for the practice of foliar feeding. The procedure , which has been widely 
applied to dif ferent p lants , has main ly been of use in providing a pa r t i a l solution 
towards making u p for the deficiency of microelements and supplement ing nutr ients 
which may he closely bound in the soil, and has ensured the expected vo lume of yield 
by reestablishing the metabolic balance in the plants . 
With the intensif icat ion of agricul tural product ion the question of foliar feeding 
has repeatedly come into prominence. I n this respect t h e results of foliar fertilization 
exper iments are fa r f rom being uni formly positive, a p a r t f rom cases where the rapid 
elimination of deficiency symptoms was the aim. 
The higher r a t e of fert i l ization, and the di f ference in physiological properties 
be tween high yielding plants and those formerly p roduced under extensive conditions 
necessitate the r eva lua t ion of our ideas on the theoret ical principles of foliar feeding. 
It is likely t h a t high rate ni t rogen, phosphorus a n d potassium fert i l izat ion also 
necessitate the s imul taneous supplementa t ion of microelements in the soil. I n tha t case 
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it m a y b e wor thwh i l e a p p l y i n g foliar f e r t i l i z a t i on , bu t only a f t e r c a r e f u l c o n s i d e r a t i o n 
of w h e t h e r t h e same resu l t s c a n n o t be a t t a i n e d b y s u p p l e m e n t i n g t he m i c r o e l e m e n t s 
s i m u l t a n e o u s l y wi th the d i s t r i b u t i o n of basic fer t i l izers , the reby s a v i n g the s u b s t a n t i a l 
su rp lus cos t s of spraying. 
F o l i a r fer t i l iza t ion is u n d o u b t e d l y s u i t a b l e for i n t r o d u c i n g cer ta in b i o a c t i v e 
s u b s t a n c e s , e .g . p h o t o s y n t h e s i s s t imulan t s , i n t o t h e leaves, wi th t h e s imul t aneous a p p l i -
ca t ion of c e r t a i n micro- or mac roe l emen t s . I n cases, however , w h e n the aim is o t h e r 
t h a n t h e e l imina t ion of s o m e nu t r i en t de f i c i ency , in applying fo l i a r feeding we s h o u l d 
take i n t o cons ide ra t ion t h e f a c t t h a t we a re dea l i ng wi th a p l a n t w i th a more o r less 
h a r m o n i o u s me tabo l i sm, in w h o s e leaves t h e m e c h a n i s m of n u t r i e n t u p t a k e a n d u t i l i -
za t ion m a y be d i f ferent in p a r t f r o m prev ious ly e x a m i n e d fo rms of me tabo l i c d e f i c i e n c y . 
A n o t h e r essential q u e s t i o n connected w i t h t he appl ica t ion of fol iar f e r t i l i z a t i on 
to cereals is t h e n u t r i e n t a b s o r p t i o n in the l e a v e s . Considering t h e r a t h e r thick c u t i c l e 
of the w h e a t leaf, the n u t r i e n t u p t a k e was ea r l i e r assumed to t a k e place exc lus ive ly 
t h rough t h e s t o m a t a . T o d a y t h e cuticle is no longer regarded as a homogeneous l ipo-
ph i lous l a y e r , h u t r a t h e r a s a n aggregat ion of po lymer ized cu t in molecules i n t e r r u p t e d 
by i n t e r m o l e c u l a r spaces " l i n e d " par t ly w i th h y d r o p h i l o u s and p a r t l y with l i poph i lous 
molecules . I t is due to the h y d r o p h i l o u s molecu le s found here t h a t t h e water mo lecu l e s 
are able t o p e n e t r a t e t h r o u g h t he cuticle ( c u t i c u l a r t r ansp i r a t ion ) . I t is also k n o w n t h a t 
the spaces b e t w e e n the c u t i n aggregates are a b l e to let t h rough no t only the w a t e r b u t 
also t he molecu les dissolved in i t , if an a p p r o p r i a t e concen t r a t i on g r a d i e n t can d e v e l o p 
be tween t h e t w o sides of t h e cut ic le (SCHÖNHERR BICOVAC 1973) (SCHÖNHERR, J . 
BICOVAC, M. J . (1973): I o n exchange p r o p e r t i e s of isolated t o m a t o f ru i t s m e m b r a n e . 
E x c h a n g e c a p a c i t y , n a t u r e of f ixed charges a n d cat ion se lec t iv i ty . P l a n t a ( B e r l i n ) , 
109, 7 3 - 93). 
YAMADA et al. ( 1 9 6 6 ) (YAMADA, Y . KASMUSSEN, H . P . BUCOVAC, M . J . 
WITTWER, S. H . (1966): B i n d i n g sites for i n o r g a n i c ions and u r e a o n isolated c u t i c u l a r 
m e m b r a n e sur faces . Amer . J . Bo t . , 53. 170 172) po in ted ou t b y i so tope e x p e r i m e n t s 
t h a t ions d i sso lved in wa te r w e r e able not only t o p e n e t r a t e the cu t i c l e h u t also to b e c o m e 
closely b o u n d to certain s i tes on it. The a u t h o r s d e m o n s t r a t e d w i t h onion leaves t h a t 
these c u t i c u l a r sites coincided w i th the e c t o d e s i n a l sites of t he o u t e r ep idermal wa l l s . 
They s u g g e s t e d t h a t s u b s t a n c e s which p e n e t r a t e t h e cuticle c o u l d also p e n e t r a t e t h e 
cell wall b y m e a n s of the e c t o d e s m a t a . FRANKE (1975) (FRANKE, W . (1975): S t o f f a u f -
n a h m e d u r c h das Bla t t u n t e r besonderer B e r ü c k s i c h t i g u n g E k t o d e s m e n . Die B o d e n -
ku l t u r . 26. 331 311) has a r r i v e d a t the conc lu s ion t h a t the f o r m a t i o n s descr ibed so f a r 
as e c t o d e s m a t a are hollow s p a c e s in the cel lwal ls l ined with some so r t of reduc ing m a t e -
rial. A c c o r d i n g l y , the e c t o d e s m a t a cannot , in f a c t , be regarded as morpholog ica l s t r u c -
tures , b u t r a t h e r as p a r t s of t h e wall, with s p e c i a l phys ico -chemica l p roper t ies , w h i c h 
allow m a t e r i a l t r a n s p o r t a t i o n to t ake place. T h e e c t o d e s m a t a , w h i c h a re seen as b u n d l e s , 
are t h u s c o m p o s e d of n u m e r o u s in ter f ibr i l la r spaccs . MERKENS et al. (1972) (MERKENS, 
W. SS.— D E ZOETEN. G. A.— GAARD, G. (1972) : Obse rva t ions o n e c t o d e s m a t a a n d t h e 
virus i n f e c t i o n process. J . U l t r a s t r u c t . Res. 41, 397— 405) used a specia l silver i m p r e g -
na t ion m e t h o d to make these f o r m a t i o n s s u i t a b l e for e l ec t ronmic roscope s tudies . T h e s e 
photos c lear ly show the s t r u c t u r e of the cellulose f ib r i l s too. FRANKE (1975) (FRANKE. W . 
(1975): S t o f f a u f n a h m e d u r c h d a s B la t t un t e r b e s o n d e r e r B e r ü c k s i c h t i g u n g E k t o d e s m e n . 
Die B o d e n k u l t u r . 26. 331- 341) ha s d e m o n s t r a t e d t ha t under n o r m a l condi t ions a t t h e 
sites of t h e e c t o d e s m a t a w a t e r molecules m a y h e e m i t t e d on t he s u r f a c e of the c u t i c l e ; 
they t h e n a c c u m u l a t e on t h e leaves in the f o r m of microdrops . I t is in te res t ing to n o t e 
tha t t h e a r e a s a round the s t o m a t a did not t a k e [»art in these processes . I t is p r o b a b l e 
t h a t in m a t e r i a l r p t a k e by t h e leaves the m a i n role is p layed b y the space b e t w e e n 
the c u t i n molecu le aggrega te s a n d by the e c t o d e s m a t a . 
As r e g a r d s the m a t e r i a l u p t a k e by w h e a t leaves, it is a g a i n probable t h a t t h e 
spaces b e t w e e n the cut in a g g r e g a t e s and t h e e c t o d e s m a t a r ep re sen t the special w a y in 
which t he m a t e r i a l u p t a k e a n d t r anspor t are r e a l i z ed . This poss ib i l i ty is suggested b y t h e 
da ta of PANIC (1970) (PANIC, M. (1970): Ü b e r die A u f n a h m e v o n 2 ,4 -D (lurch B o h n e n -
und W e i z e n b l ä t t e r in B e z i e h u n g des Ascorh insäu regeha l t e s . Diss . Univ . Bonn) , w h o 
d e m o n s t r a t e d t h a t the 2 ,4 -D u p t a k e of w h e a t l e aves is bound to t h e e c t o d e s m a t a . I t is 
also poss ib le t ha t in w h e a t leaves , as in o n i o n leaves , there is a n e x u d a t i o n of w a t e r 
molecules t h r o u g h the e c t o d e s m a t a , which m a k e s nu t r i en t u p t a k e f r o m the leaf s u r f a c e 
possible e v e n if the d rops of fol iar fert i l izer h a v e pract ical ly d r i e d u p . A k n o w l e d g e 
of the n u m b e r of e c t o d e s m a t a on the leaves of i nd iv idua l whea t va r i e t i e s is a p r e c o n d i -
tion for cons ide r ing the e f f i c i ency of n u t r i e n t u p t a k e t h r o u g h t h e leaves. H o w e v e r , 
no d a t a a r e avai lable in t h i s connect ion. PANIC (1970) however , (PANIC, M. (1970 ) : 
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Über die A u f n a h m e v o n 2,4-D durch B o h n e n - und W e i z e n b l ä t t e r in B e z i e h u n g des 
A s c o r b i n s ä u r e g e h a l t e s . Diss . Univ. B o n n ) m a d e the n o t e w o r t h y Sta tement t h a t in the 
w h e a t v a r i e t y Li t t le C l u b the n u m b e r of e c t o d e s m a t a p e r u n i t leaf area w a s h igher 
a t 15°C t h a n a t 36°C. T h i s f ac t suggests t h a t the n u m b e r of e c todesma ta is f a r f r o m 
b e i n g c o n s t a n t as r e g a r d s ei ther the v a r i e t y or the e n v i r o n m e n t a l e f fec t . T h i s will 
u n d o u b t e d l y provide a f u r t h e r basis f o r dec id ing the e f f i c i ency of foliar f e r t i l i z a t i o n 
a n d choos ing var ie t ies suscept ib le to t h e t r e a t m e n t . 
O n the basis of t h e d a t a p resen ted a n d the ques t ions r a i sed in this s h o r t cont r i -
b u t i o n i t is clear t h a t w i t h respect to w h e a t there is v i r t u a l l y 110 theore t ica l b a s i s for 
t h e e f f i c i e n t u t i l i sa t ion of fo l iar fe r t i l i za t ion a t the present level of agrotechnics . W i t h o u t 
k n o w i n g t he m e c h a n i s m s of mater ia l u p t a k e and u t i l i z a t i on in the leaves of w h e a t , 
a p l a n t w i th a b a l a n c e d metabo l i sm, t h i s p rocedure c a n n o t be ra t ional ly a p p l i e d in 
o r d e r t o increase the v o l u m e of yield in t h i s c rop . 
ERDEI. P . : I n o rde r to give a conc re t e answ7er t o t h i s ques t ion i nves t i ga t i ons should b e m a d e 
on t h e posi t ion (erect o r ben t ) , size a n d w a x i n e s s of t he l ea f , a n d also on t h e t y p e of 
leaf s p r a y , the m a n n e r of d i s t r ibu t ion ( in or above t he s t a n d ) , the k ind of a d d i t i v e , 
t h e size of the drops , e t c . W i t h o u t these d a t a only specu l a t i ve answers can he g iven to 
t h e q u e s t i o n , which a r e no t of much use . 
KÁDÁR. A . : Lea f sprays act b y en ter ing the p l a n t t h r o u g h t he fo l i age . W h e n w a s h e d off by 
r a i n a n d t aken up f r o m t h e soil by the r o o t s t h e y exert l i t t l e e f fec t . Leaf s p r a y s wh ich 
also c o n t a i n m i c r o e l e m e n t s have a f a v o u r a b l e inf luence 011 t h e metabol ic p r o c e s s e s of 
p l a n t s , a n d ensure i m m e d i a t e nu t r i t ion t o t h e p l an t du r ing cr i t ica l periods. T h e i r e f fec t 
is b e s t fe l l if the p l a n t h a s a suff ic ient ly l a r g e ac t ive leaf s u r f a c e sui table for t h e u p t a k e 
of n u t r i e n t s . Leaf s p r a y s p l ay a par t in i m p r o v i n g bo th t h e q u a n t i t y and t h e q u a l i t y 
of t h e y ie ld . 
K i s s , A. : T h e ques t ion of fo l i a r fer t i l i sa t ion r e q u i r e s f u r t he r r e l i ab l e expe r imen ta l r e su l t s . 
I t m a y b e t ha t n u t r i e n t s do not enter t h e p l a n t s only t h r o u g h t he s t o m a t a : a b s o r p t i o n 
b e t w e e n t he ep ide rmal cel ls is also a p o s s i b i l i t y . Some ef fec t m a y also be e x e r t e d t h r o u g h 
t h e soil . 
Besides the f i e ld t r i a l s the co r r ec t f i n a l answer t o t h i s quest ion will b e g iven 
p r i m a r i l y by rel iable, p a r a l l e l l a b o r a t o r y a n d p h y t o t r o n e x p e r i m e n t s . 
KOLTAY, A . : T h e eff iciency of fol iar spray n u t r i t i o n was s t u d i e d for years in e x p e r i m e n t s 
c a r r i e d o u t wi th B e z o s t a y a 1, and l a t e r w i t h Fer tődi 293 too , sown in a 5 X 5 L a t i n 
s q u a r e des ign on a f o r e s t res idue c h e r n o z e m soil at the A g r i c u l t u r a l Research I n s t i t u t e 
of t h e H u n g a r i a n A c a d e m y of Sciences. T h e inf luence on t h e g r a in yield of 5, 10 a n d 20 
k g / h a u r e a spray fe r t i l i ze r , conta in ing n i t r o g e n as the ac t ive a g e n t , was f i r s t s t u d i e d on 
a soil of poor fe r t i l i ty , a n d la te r under m o r e in tens ive c o n d i t i o n s together w i t h a h igher 
r a t e of soil fe r t i l i za t ion . T h e ni trogen s o l u t i o n was s p r a y e d ove r the crop w i t h a high 
p r e s s u r e m o t o r s p r a y e r in the period b e t w e e n heading a n d f lower ing , on each occas ion 
in t h e m o r n i n g hour s . T h e control p lo t s w e r e sprayed w i t h t a p water , and t h e l a rges t 
dose (20 kg /ha ) was a p p l i e d in a solid f o r m as well, by s c a t t e r i n g it over t he c r o p . Of 12 
e x p e r i m e n t s carried o u t in 5 successive y e a r s only three r e s u l t e d in a small y ie ld increase 
on t h e border l ine of s ign i f icance , in each case wi th B e z o s t a y a 1. The grain y i e ld of the 
v a r i e t y Fe r tőd i 293 w a s n o t reliably m o d i f i e d by the t r e a t m e n t s . Weed ki l l ing exper i -
m e n t s were also ca r r i ed ou t with D i k o n i r t , appl ied in c o m b i n a t i o n wi th u r e a fol iage 
s p r a y . N o reliable d i f f e r e n c e in yield c o u l d be observed b e t w e e n the D i k o n i r t t r e a t e d 
c o n t r o l a n d the p lo t s g i v e n Dikonir t + u r e a . 
T h e r e would he i m p o r t a n c e in s u p p l y i n g the missing mic roe lements t h r o u g h the 
leaf , s ince there are i n d i c a t i o n s tha t t he m i c r o e l e m e n t s are m o r e efficient w h e n s u p p l i e d 
t h r o u g h t he leaf t h a n w h e n they act t h r o u g h t h e soil. A p r e c o n d i t i o n of success fu l micro-
e l e m e n t nu t r i t ion is, h o w e v e r , a precise s u r v e y of the def ic ienc ies . 
LÁNG, G.: A n u m b e r of r e s e a r c h e r s have a c h i e v e d f a v o u r a b l e r e s u l t s w i th the fo l iar n u t r i t i o n 
of w h e a t . The basic n u t r i e n t r e q u i r e m e n t s of the plant are c o v e r e d by n u t r i e n t s e n t e r i n g 
t h e p l a n t t h rough t h e soil and root . H o w e v e r , macro- a n d microe lements a b s o r b e d 
t h r o u g h the leaf, a l t h o u g h small in q u a n t i t y compared t o the total r e q u i r e m e n t s 
of t h e p l a n t , may e x e r t a f avourab le i n f l u e n c e by d i rec t ly en te r ing the m e t a b o l i s m . 
B e c a u s e t he p rospec t ive y ie ld increase is so low the foliar n u t r i t i o n of w h e a t is u sua l ly 
on ly economica l if t h e fo l i a r spray can b e c o m b i n e d w i th a necessary p lan t p r o t e c t i o n 
o p e r a t i o n . Chemical weed control offers a p r i m e o p p o r t u n i t y t o supp lemen t t h e n u t r i e n t 
s u p p l y , pa r t i cu la r ly n i t r o g e n , th rough t h e leaf . 
LELLEY, J . : T h e resul ts of e x p e r i m e n t s wi th f o l i a r n u t r i t i o n in w h e a t are not p r o m i s i n g , a n d 
o f t e n n o t even c o n s i s t e n t . The expens ivenes s of the p r o c e d u r e a n d the d i f f i c u l t i e s of 
i m p l e m e n t a t i o n cause m u c h concern. E x p e r i e n c e seems t o p r o v e t h a t grain f i l l ing and 
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a possible improvement in qual i ty can bes t be promoted wi th fol iar nutr i t ion immed ia t e -
ly before flowering. A t t h a t time, however , spraying can only be carried o u t f r o m 
a hel icopter . In my op in ion , a suitable app l ica t ion of fert i l izers before sowing a n d ear ly 
in spr ing makes this u n c e r t a i n method of nu t r i t i on superf luous . 
NAGY, В.: T h e soil has nothing to do with the eff ic iency of foliar n u t r i t i o n on wheat . I n p u t t i n g 
the ques t ion the fol lowing points were lef t ou t of cons idera t ion: 
a) there is dew e v e r y night, which is an impor tan t su rv iva l factor for cereals, 
part icularly in d ry periods; 
b ) the fact t ha t t h e foliage of cereals has an active m e t a b o l i s m was d e m o n s t r a t e d 
long ago by, a m o n g others, Sovie t and American physiologists. 
The efficiency of fol iar nutr i t ion is due mainly to t h e f ac t tha t ill cereals , as 
general ly observed in eve ry impor tan t c rop , af ter the a p p e a r a n c e of the genera t ive 
organs the nutr ients are t r anspor ted f r o m the leaves to t he generat ive organs , in the 
p resen t case to the ears, so t h a t the eff ic iency of nutr ient u p t a k e is concent ra ted here. 
On t h e other hand, t he microelements in chela te type fol iage sprays greatly i m p r o v e 
the n u t r i e n t balance a n d wi th it the biological and physiological vitali ty of t he w h e a t . 
In our opinion the deta i ls of the physiology of nut r ient u p t a k e mus t he fu r the r s tud ied 
and fol lowed in the r e l evan t l i terature in order to improve b o t h the foliage sp rays a n d 
the t r e a t m e n t s . However , t he results ob ta ined in 1976 u n a n i m o u s l y show t h a t in cereals 
t r e a t m e n t s applied once a t the t ime of f lower ing and once a t t h e stage of milky r ipeness 
should be considered as technological p rocedures , applied w i t h less nitrogen a n d more 
magnes ium, phosphorus a n d microelement che la te in rainy w e a t h e r , and with increasing 
a m o u n t s of nitrogen a n d chelate in dry w e a t h e r . 
PETRÓCZY, I . : We are convinced of the usefulness of foliage spray app l ied to wheat . I t is t rue 
t h a t when it is d i s t r ibu ted f r o m an aeroplane l i t t le of the sp ray is absorbed immed ia t e ly , 
as it qu ick ly dries up . I t m u s t not be f o r g o t t e n , however, t h a t t h e morning dew ensures 
the con t inuous absorp t ion of the spray, ( f t is only af ter long per iods of drought accom-
pan ied by intensive air mot ion that dew is not formed a t d a w n during ha rves t i ng . 
It is a well known fac t t h a t the work of t h e combines is l imi ted by the a b u n d a n t dew. 
F u r t h e r m o r e , the fac t t h a t water is ac tua l ly t aken up is p r o v e d by the 2 — 3 % higher 
wa te r con ten t of whea t gra ins in the m o r n i n g hours. 
The continuity of absorpt ion is conf i rmed by the r e su l t s of examina t ions per-
fo rmed wi th the stable N 1 5 isotope. Label led urea is abso rbed b y the leaves of p l a n t s 
a t a f a s t e r ra te at night a n d in the morn ing hours than in t h e dayt ime. 
The exper iments carr ied out in 1976 prove unambiguous ly tha t foliar n u t r i t i o n 
should be introduced all over the count ry . Tak ing into cons idera t ion the yield averages 
of m o r e t h a n 30 fa rms , t r e a t m e n t with W u x a l and Mikramid resul ts in a surp lus yield 
of 4 q / h a . Their impor t ance is increased by t he fac t tha t they c a n be coupled wi th opera-
t ions for controlling p o w d e r y mildew and F u s a r i u m . Fur the r invest igat ions are necessary 
to de t e rmine the o p t i m u m t ime and number of the t r e a tmen t s as well as the compos i t ion 
of t he spray . 
Beyond any d o u b t , distr ibution by aeroplane represents a simple, highly econom-
ical m e t h o d for increasing the volume of yield. 
We must not f o rge t the re la t ionship between s u b s t a n c e s excreted on t h e leaf 
surface of wheat ( exuda te s ) and foliar nu t r i t i on , in re la t ion wi th the app l i ca t ion of 
W u x a l and Tomasol. W o r k s dealing wi th infect ion caused b y phy topa thogen ic fung i 
discuss the role of e x u d a t e s in infection a n d t ry to clarify t he i r chemical compos i t ion . 
Several dissertat ions p r e p a r e d on this s u b j e c t in our d e p a r t m e n t have produced resu l t s 
of prac t ica l impor tance . W e feel tha t the presence of cut icular exudates (excre t ion) and 
the correct ly t imed app l i ca t ion of foliar n u t r i t i o n may p rov ide fu r the r aspects for the 
i m p r o v e m e n t of disease res is tance and t h e increasing of y ie lds . 
POGÁCSÁS, GY.: According to m y invest igat ions leaf nutr i t ion in w h e a t resulted in each case 
in a yield surplus. I did not s tudy the ac t ion mechanism, because in dry w e a t h e r the 
leaf sp ray acted t h r o u g h t he leaves; when washed off by t h e ra in , on the o the r h a n d , 
it was dissolved in the soil and absorbed b y the roots, and was effective all t he same. 
The question has no t been clarif ied; it would he wor th carry ing out e x p e r i m e n t s 
on th i s subject . 
BOMÁNY, P . : Whea t demands nu t r i en t s of d i f f e r e n t composit ion a n d quant i ty du r ing t he 
vege ta t ive period. The re are periods when cer ta in nu t r i en t s are required in d i f f e r e n t 
quan t i t i e s , and if these a re not adequate ly supplied the deve lopmen t of the p l an t m a y 
be h indered . 
Foliage fer t i l izat ion makes it possible to correct the deficiencies in the n u t r i e n t 
supply t aken up t h r o u g h t he soil; by m e a n s of leaf and pet iole analyses the p l a n t can 
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be p r o v i d e d with a n u t r i e n t solution of d i f f e r e n t composit ion, as needed at a g iven 
t ime. 
Fol iage ferti l ization solves t empora ry nu t r i t iona l problems and has a f a v o u r a b l e 
inf luence on the nutr ient u p t a k e of the [l iants. 
E x t e n s i v e exper imen t s carried out on large-scale f a r m s in the last few y e a r s 
have genera l ly confirmed t h e yield-increasing ef fec t and economic efficiency of fol iage 
fer t i l iza t ion . 
F u r t h e r invest igat ions are natura l ly requ i red to find o u t in which phenological 
phases a n d how often the d i f f e ren t plants , inc luding wheat, r equ i re foliage fer t i l iza t ion. 
TARJÁN. R. : T h e efficiency of foliar a n d soil fer t i l i sa t ion is the subject of in ternat ional deba tes . 
In our op in ion only n i t rogen fert i l izat ion appl ied at a ra te suited to the soil and regional 
condi t ions will be truly e f f i c i en t in increasing t he yield. 
* 
HÁL, GY.: Ear iy wheat varieties a r e given priority in production owing to the favourable sche-
duling of the harvesting opera t ions and the compara t ive surplus yield caused by a pseudo-
tolerance to infectious fung i and the probable absence of shrivelled grains resulting f rom 
their ear l iness . Taking the i r quality into considerat ion as well, do you think tha t the 
early var ie t ies will retain t he i r advantage once a suff icient number of harvesting mach ines 
are avai lable and when later variet ies either become resistant, or c a n be protected aga ins t 
the in fec t ious fungi by c h e m i c a l s ? 
BALLA, L.: T h e advantages of ea r ly wheats will p robab ly not only be main ta ined but also 
increase in the future , due to t he improvemen t of winter ha rd ines s and qual i ty in t he 
early var ie t ies . Of the cer t i f ied early var ie t ies only Mar tonvásár i 4 shows unob jec t ion-
able w i n t e r hardiness a n d q u a l i t y at present . 
E a r l y varieties h a v e t h e undispu tab le a d v a n t a g e of p roduc ing larger yields d u e 
to the f ac t tha t fungal p a t h o g e n s , pa r t i cu la r ly s tem rust a n d f o o t diseases, do less 
damage to them, while t h e y can be ha rves ted at the stage of biological ma tu r i ty , w i t h 
m i n i m u m loss and m a x i m u m test-weigth. A f u r t h e r advan tage is t h a t the ha rves t ing 
of these var ie t ies can be s t a r t e d earlier, so a smaller propor t ion of the wheat will be 
ha rves ted when overripe, wh ich would result in a higher loss a n d lower tes t -weight . 
Cereal c rops which r ema in in the field late o f t e n suffer great d a m a g e from ra in a n d 
wind. To avoid this, b r eed ing should be a i m e d at shortening t h e vegetat ion per iod . 
The o p t i m u m length of t h e harves t ing period is 12 —14 days, w h i c h can be a t t a ined b y 
growing ear ly and m e d i u m ear ly varieties. 
ВЕКЕ, F. : U n d e r the dry w e a t h e r condit ions of H u n g a r y early w h e a t variet ies have so f a r 
shown h igher yield rel iabi l i ty t h a n later ones. This can part ly be expla ined by pseudo-
res is tance, bu t the main cause is t h a t the s u d d e n hot weather , which usually sets in 
around ha rves t ing t ime, r e su l t s in increased t ranspi ra t ion , a n d evapora t ion f rom t h e 
upper soil layer is unable t o replace this w a t e r . The increased t ransp i ra t ion causes a 
cation accumula t ion in t he immed ia t e ne ighbourhood of the r o o t s which paralyses t h e 
water u p t a k e on d rough ty days . The ear ly var ie t ies par t ly or to ta l ly precede th is 
critical pe r iod . This is why t h e yielding abil i ty of late varieties, w h i c h usually give la rger 
yields, is grea t ly dependent on soil and w e a t h e r conditions. Consequent ly , H u n g a r i a n 
condi t ions make the p r o d u c t i o n of late w h e a t varieties unre l iab le . 
BELEA. A.: For reasons of fa rm economy and yield rel iabil i ty the ea r ly varieties will r e m a i n 
highlv i m p o r t a n t . I r respect ive of their pseudores is tance the early variet ies are genera l ly 
more r e s i s t an t to the s u m m e r drought which f r equen t ly occurs in Hungary t h a n t he 
late ones . F a r m s would do b e t t e r to buy only as many combines as are required for 
ha rves t ing without loss. M a n y machines lie unexplo i ted in t he f a r m s for most of t h e 
year. It would be useful to in t roduce two-course harvest ing in H u n g a r y , which besides 
be t te r m a c h i n e util ization is one of the pre requis i tes of qual i ty whea t product ion. In 
tha t case no expensive d r y i n g equ ipment is needed . 
BÓCZ, E.: W h e a t variet ies with a long vegeta t ion per iod , which were exc luded from agr icul tura l 
p roduc t ion in the past decades , have recent ly been introduced i n to cul t ivat ion. It is 
a fac t t h a t , due to increased soil fert i l i ty, var ie t ies with longer vege ta t ion periods h a v e 
also g iven sat isfactory yie lds . In certain c ropyears , however, var ie t ies with a longer 
vege ta t ion period have fa i led as they used to do previously, m a i n l y for reasons con-
nected w i t h water m a n a g e m e n t . In inv opinion, of all the fac tors t h a t may be involved , 
a t t en t i on should be paid p r imar i ly to the w a t e r supply and secondly to fungal infec t ion . 
In H u n g a r y a sudden w a t e r deficiency occurs a t harvest t i m e , which increases t he 
shrivell ing of the grains: t h i s is why the old es ta tes preferred growing varieties which 
m a t u r e before that date . Marked ly dry s u m m e r s only occur with a 50 — 60% f r e q u e n c y , 
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w h i c h expla ins t h e mis leading p e r f o r m a n c e , or selection, of certain var ie t ies . T h e recent 
w i d e - s p r e a d f u n g a l infec t ions cause a r a p i d de te r io ra t ion in the period fo l lowing milky 
r i p e n e s s . The d e t e r i o r a t i o n of the v a r i e t y Kavkaz d e f i n i t e l y seems to b e of fungal 
o r i g i n . T h e effects of these two f a c t o r s unequivoca l ly sugges t t h a t c e n t u r y - o l d experien-
ces a re still w o r t h y of our respect . 
Of course, b o t h mechan iza t ion a n d the increased res is tance and i m p r o v e d prop-
e r t i e s of the v a r i e t i e s may a l t e r t h i s s i tua t ion , especia l ly if several y e a r s of practice 
c o n f i r m their h i g h e r y ie ld ing ab i l i ty e v e n in critical y e a r s . 
CSONTOS, M.: Ear ly va r i e t i e s should still lie r e c k o n e d with in d e t e r m i n i n g the r a t i o of varieties 
t o be grown even w h e n the p rob lems r a i s ed in the q u e s t i o n are solved. I t is of p r imary 
i m p o r t a n c e to l e n g t h e n t h e vege t a t i on per iod by sowing va r i e t i e s with d i f f e r e n t r ipening 
t i m e s in order to e l i m i n a t e the e f f e c t s of ext remes of w e a t h e r (e.g. yield losses caused 
b y d r o u g h t or by shr ive l l ed grains) . 
Fu r the r , it s h o u l d he m e n t i o n e d t h a t rat ional f a r m m a n a g e m e n t necess i t a t e s an 
inc rease in the e f f i c i ency of a g r i c u l t u r a l machines, i n c l u d i n g not only t h e harves t ing 
m a c h i n e s but also t h o s e for s u b s e q u e n t operat ions . I n o t h e r words, eve ry e f fo r t should 
b e m a d e to achieve a be t t e r e x p l o i t a t i o n of agr icu l tura l machines . 
Resis tance t o f u n g a l in fec t ion s h o u l d be increased in the early w h e a t varieties. 
ERDEI, P . : Unde r the c l i m a t i c condi t ions i n H u n g a r y the i m p o r t a n c e of ear ly w h e a t s is not 
d e t e r m i n e d exc lus ive ly by pa tho log ica l reasons, bu t a l so b y growing c o n d i t i o n s con-
n e c t e d with the w e a t h e r . 
In early w h e a t s t h e grains a r e less inclined to sh r ive l than in l a t e ones . From 
th i s po in t of view t h e advan tage of e a r l y varieties c a n n o t he denied. 
JOVAN, D . : Unde r H u n g a r i a n condit ions t h e p ro t r ac t i on of t h e ha rves t ing per iod b y widening 
t h e r a n g e of var ie t i es is definitely j u s t i f i e d . The n u m b e r of combines, t a k i n g into con 
s i d e r a t i o n the c a p a c i t y of the m a c h i n e s and the t ime a v a i l a b l e for h a r v e s t i n g , is deter-
m i n e d by the size a n d crop yield of t h e whea t area, b o t h on a nat ional a n d on a fa rm 
sca le . No other c r o p , no t even m a i z e , w h i c h is very i m p o r t a n t in H u n g a r y as regards 
a r e a a n d yield al ike, d e m a n d s as l a rge a n u m b e r of c o m b i n e s as wheat does . T h e number 
of combines should the re fo re only h e increased to the o p t i m u m profi t l i m i t , or possibly 
r e d u c e d with a pa ra l l e l increase in t h e capac i ty of t h e combines . 
Ear ly w h e a t var ie t ies p r o l o n g t h e harves t ing p e r i o d , thereby i m p r o v i n g the 
e x p l o i t a t i o n of the combines . This is a d v a n t a g e o u s in m a n y respects: t r a n s p o r t a t i o n , 
s t r a w harves t ing, t i l lage, e m p l o y m e n t , l abour peak r e d u c t i o n , m a n a g e m e n t . If these 
a d v a n t a g e s can be rea l ized wi thout a n y considerable loss of yield by sowing t h e proper 
r a t i o of early and l a t e wheat va r i e t i e s , t h e impor tance of ear ly wheats f r o m t h e point 
of view of m e c h a n i z a t i o n may be q u i t e considerable. 
Ki s s , A . : U n d e r H u n g a r i a n condi t ions ea r ly w h e a t varieties wil l a lways have t h e a d v a n t a g e 
o v e r l a te ones. If a suf f ic ien t n u m b e r of harves t ing m a c h i n e s were ava i l ab le more t ime 
c o u l d be spent on soil p repara t ion , a n d t h e second c rop wh ich is s o m e t i m e s necessary 
(e.g. in 1976) would p e r h a p s be m o r e re l iab le . Chemical c o n t r o l should n o t b e employed 
if it is not str ict ly necessary . As m u c h ca rc as possible shou ld be t aken t o p r o t e c t the 
e n v i r o n m e n t . 
KOLTAY. Á. : The resul ts of harves t ing e x p e r i m e n t s carried o u t in the past d c c a d e show tha t 
m o d e r n , high y i e ld ing wheat v a r i e t i e s should be h a r v e s t e d directly w i t h combines 
w i t h i n the shor tes t possible t ime a f t e r t h e beginning of fu l l r ipening. T h e expe r imen t 
a lso showed t h a t t h e harves t ing o p t i m a of the var ie t ies were ext remely close. A har-
v e s t i n g capaci ty c a p a b l e of fully c o v e r i n g the above r e q u i r e m e n t s will no t he available 
in t h e fu tu re e i the r . W i t h a view to t h e be t t e r u t i l i za t ion of the mach ines a n d the ful-
f i l m e n t of the h a r v e s t i n g optima it w o u l d be reasonable t o grow early, m e d i u m and late 
v a r i e t i e s on the s a m e f a r m . A well c h o s e n ra t io of var ie t i es wi th different r i p e n i n g t imes 
l ias a n o t h e r great a d v a n t a g e beside h a r v e s t i n g wi thout loss: the smaller p r o d u c t i o n risk. 
I n some years the ea r l i e r , and in o t h e r y e a r s the later v a r i e t i e s may p r o d u c e more reli-
ab le yields. It is t h e r e f o r e i m p e r a t i v e t o m a k e an a d e q u a t e range of va r i e t i e s available 
fo r commercial p r o d u c t i o n . 
К и Ruez, GY.: Wheat va r i e t i e s with d i f f e r en t r ipen ing t imes f o r m t h e basis of e f f i c i en t wheat 
p r o d u c t i o n if they h a v e a p p r o x i m a t e l y equa l yielding a b i l i t y , or if the y ie ld differences 
r e su l t i ng f rom the r i p e n i n g time do n o t t h r e a t e n p r o d u c t i o n prof i tab i l i ty . " A sufficient 
n u m b e r of h a r v e s t e r s " is a vague t e r m . The rising p r i ces of machines, t h e decreasing 
n u m b e r of workers (par t icu la r ly t e c h n i c a l s t a f f ) e m p l o y e d in agricul ture, a n d t h e econom-
ic u t i l i za t ion of mechan ica l , d r y i n g a n d storage c a p a c i t i c s in the f a r m s all call for 
a longer ha rves t i ng pe r iod and for t h e assuring of h a r v e s t i n g opt ima for a l l varieties. 
T h e ra in fa l l which f r e q u e n t l y occurs a t h a r v e s t t ime also h a s an adverse e f fec t somet imes 
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on the earlier, somet imes on the l a t e r varieties. For all these reasons t h e range of var ie-
ties should be wide enough to ensu re a harvest ing per iod of 14—20 d a y s wi th in the opti-
m u m harves t ing period. Using w h e a t varieties f r o m only one r ipen ing group (early, 
medium or la te) it would he imposs ib le to ensure t he economic eff iciency and profitabi-
lity of wheat breeding in H u n g a r y . 
LÁNG, G.: Early var ie t ies will continue t o be of great i m p o r t a n c e in the f u t u r e , main ly because 
the risk of p roduc t i on can only be k e p t at an accep tab le level by growing varieties wi th 
different vege t a t i on periods. T h e y also have a f a v o u r a b l e effect on t h e economics of 
wheat growing by saving the expense of overmechaniza t ion . 
LELLEY, J . : The grea tes t advan tage ga ined by producing ea r ly wheat eul t ivars is t h a t they suf-
fer less damage f r o m drought a n d r ipen before r u s t c a n cause serious yield losses. The 
more efficient u t i l iza t ion of the combines is also an a s p e c t not to he ignored . 
The exper ience gained so f a r shows tha t the y ie ld ing ability of eu l t iva r s classified 
as early in H u n g a r y is almost iden t ica l with t h a t of medium early eul t ivars . I t h ink 
breeding for earl iness and the growing of early eu l t iva r s is reasonable as long as earliness 
does not in ter fere wi th a f u r t h e r increase in yielding abi l i ty . Once we a r r ive at a point 
where the na t i ona l yield averages can only be increased by breeding eultivars with 
longer vege ta t i on periods, the p roduc t ion of early eul t ivars mus t be restr icted. With 
a view to the b e t t e r organiza t ion of harvest ing ope ra t ions an app rox ima te ly 20—25% 
proport ion of ear ly cult ivaras m u s t he mainta ined. T h e level reached by agrotechnology 
is still far f rom ful ly exploiting t he potent ia l yielding abil i ty of commercia l ly produced 
eultivars. For th i s reason a change-over to breeding l a t e eultivars is n o t to be expected 
for some t ime. We mus t not f o rge t , either, t ha t in t h a t case the role of breeding for 
pathological res is tance will be even more i m p o r t a n t . 
NAGY, В.: Provided e i ther the breeder or the plant p r o t e c t o r is able to m a k e later ripening 
varieties free pr imar i ly from F u s a r i u m , a certain p ropor t i on should be k e p t in produc-
tion owing to the i r potent ia l yie lding ability. F rom t h e point of view of p l an t protection 
the efficient appl ica t ion of foliage sp ray -(- fungicide combinat ions o n m a n y thousands 
of hectares has b rough t this p rospec t nearer. 
PETRÓCZI, I.: In m y opinion, there will a lways be A d e m a n d for early, m e d i u m and late wheat 
varieties. This will offer more possibilit ies for f i g h t i n g off unexpec ted epidemics and 
gradat ions, t a k i n g into considera t ion the number of spraying days too . The restriction 
of the genetic basis and the r e d u c t i o n in var iabi l i ty , parallel to t he monocul ture and 
large-scale p r o d u c t i o n may hold g r ea t danger of u n e x p e c t e d epidemics. E v e n if a suffi-
cient number of combines are avai lable we still m a i n t a i n this opin ion since in ra iny 
weather quicker harvest ing and d ry ing subs tant ia l ly reduce the e x t e n t of mildewing 
in the grains, a n d t h u s the mycotoxicoses cause f ewer sani tary p r o b l e m s . 
POGÁCSÁS, GY.: I h a v e s tudied the ave rage wheat yields of f a r m s , and the p r o p o r t i o n of early, 
medium early a n d la te varieties on a farm-scale. According to the ava i lab le 15 years ' 
da ta early var ie t ies have a lways given larger y ie lds t h a n medium or l a t e ones. 
In my experience early var ie t ies show b e t t e r adap t a t i on to t h e climatic factors 
of Hungary t h a n medium or l a t e variet ies. 
According to my calcula t ion the product ion of early var ie t ies alone could be 
economically eff ic ient with increased combine c a p a c i t y . Disease res i s tance in medium 
and early var ie t ies remains a mere hope for the p r e sen t . Once such var ie t i es are available 
I shall clear u p t h e question in farm-scale trials. 
PLETSER, J . : The u n e v e n dis t r ibut ion of precipi tat ion in H u n g a r y may t h r e a t e n the harvest 
any year. To p r e v e n t yield losses f r o m this cause a sufficient n u m b e r of harvesters 
are also requi red , b u t even t h e n t h e protract ion of t h e harvesting pe r iod by including 
early wheat var ie t ies may he a d v a n t a g e o u s in increas ing the rel iabi l i ty of production. 
The n u m b e r of rainy days in J u l y is 8—13 on a f i f ty-year ave rage . The probabi-
lity of rainfal l on an average J u l y d a y is 20—40%. T h e distr ibution of t h e precipitation 
is highly var iab le in Hungary in b o t h time and space . The precipi ta t ion in July ranges 
f rom 0 to 250 m m on areas su i t ab le for wheat p r o d u c t i o n . P rec ip i t a t ion a t least 25% 
more t han the average over m a n y years may occur in July two or t h r e e times every 
ten years. 
Drier s u m m e r s which ensure an undis turbed h a r v e s t also j u s t i f y t h e propagation 
of winter w h e a t s with a shorter vegeta t ion period, since in these var ie t i es the grains 
are less inclined to shrivel t h a n in wheats with a longer vegetat ion per iod . 
I t is charac ter i s t ic of the cont inenta l c l imate of Hungary t h a t t h e monthly pre-
cipitation m a y he three times as m u c h as the average in certain years , whi le the minima 
approach zero. The median, the va lue of 50% f r e q u e n c y , is lower t h a n t h e average over 
m a n y years. This means tha t in the full series of meteorological d a t a there are more 
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m o n t h l y p r e c i p i t a t i o n va lues below t h a n above the a v e r a g e . The higher n u m b e r of dry 
m o n t h s is c o m p e n s a t e d by a lower n u m b e r of m o n t h s w h i c h are much r a i n i e r t h a n the 
a v e r a g e . Drough t is t h u s more f r e q u e n t t h a n excess r a i n f a l l . P r e c i p i t a t i o n condi t ions 
fu l f i l l ing all r e q u i r e m e n t s are ve ry r a r e . 
In order to p l a n whea t p r o d u c t i o n eff ic ient ly t h e p ropor t i on of w i n t e r whea t s 
w i t h d i f fe ren t v e g e t a t i o n periods s h o u l d be d e t e r m i n e d s e p a r a t e l y for e a c h p a r t of the 
c o u n t r y , t a k i n g i n t o cons idera t ion t h e reg iona l d i s t r i b u t i o n of p r ec ip i t a t i on . 
ROMANY, P . : I n my o p i n i o n early whea t v a r i e t i e s wi th a s h o r t e r vege ta t ion p e r i o d will still 
b e in h igh d e m a n d in the f u t u r e a n d a f u r t h e r increase in the i r sowing a r e a would be 
j u s t i f i e d , due to t h e re l iabi l i ty of t h e i r y i e lds (absence o r s u b s t a n t i a l r e d u c t i o n of shri-
ve l l ed grains , lower e x t e n t of d a m a g e c a u s e d by va r ious diseases), as well a s t o cer ta in 
a d v a n t a g e s of f a r m m a n a g e m e n t . E v e n if l a te r r i pen ing var ie t ies are m o r e r e s i s t an t , 
d r o u g h t and o t h e r w e a t h e r cond i t i ons u n f a v o u r a b l e f o r t h e process of r i p e n i n g m a y 
c o n t i n u e to cause d a m a g e to w h e a t . 
I t is des i rab le to grow w h e a t v a r i e t i e s which r i p e n one a f t e r t he o t h e r , because 
in t h i s way h a r v e s t i n g can be car r ied o u t a t the o p t i m u m t ime , wi th a s m a l l e r n u m b e r 
of mach ines and m i n i m u m waste . 
KOSTA, К . : U n d e r t he c l i m a t i c condi t ions of H u n g a r y , in m o s t y e a r s a period of d r o u g h t sets 
in a t t he beg inn ing of J u l y . In t h e r a i n i e r wes tern , n o r t h e r n and n o r t h - e a s t e r n p a r t s 
of H u n g a r y t h e r e is less danger of sh r ive l l ed grains, t h e r e f o r e in these p l a c e s m e d i u m 
l a t e w h e a t s should also be grown on a s m a l l area bes ides va r i e t i e s be longing t o t h e early 
a n d m e d i u m ear ly m a t u r i t y groups, in o r d e r to prolong t h e ha rves t i ng p e r i o d a n d utilize 
t h e m a c h i n e s b e t t e r . 
I n the l a rge r p a r t of the w h e a t a r ea , mainly o n poo r soils or in r e g i o n s par t i -
cu l a r ly exposed t o d r o u g h t (e.g. K a r c a g , Turkeve) , I t h i n k it r easonab le t o give pre-
f e r e n c e to the e a r l y var ie t ies . Th i s a p p l i e s p r imar i ly t o var ie t ies s h o w i n g in tens ive 
t i l le r ing , as gra ins p r o d u c e d on l a t e r a l s o f t e n shrivel. I n choosing the m a t u r i t y groups 
of t h e var ie t ies t h e d a n g e r of d r o u g h t is a f ac to r at l eas t a s i m p o r t a n t as t h e possibi l i ty 
a n d e x t e n t of i n f e c t i o n by fungi . I n m o s t a reas of H u n g a r y I do not t h i n k t h a t breeding 
fo r res i s tance will b e able to r e m e d y t h e unre l iable p r o d u c t i o n of late v a r i e t i e s . 
W i t h a v i ew t o t he re l iabi l i ty of w h e a t g rowing I suggest the f o l l o w i n g rat ios 
of va r ie t i e s : 4 0 — 4 5 % early, 4 5 — 5 0 % m e d i u m early a n d 8 10% m e d i u m l a t e wheat 
va r i e t i e s . 
SEMJÉN, I . : As I have m e n t i o n e d a l ready , t h e so-cal led s o u t h e r n var ie t ies are e a s i e r t o thresh 
a n d c lean, show a h igher res is tance t o infec t ious fung i , t h e i r grains are less inc l ined to 
shr ive l , and last b u t n o t least, since t h e y can be h a r v e s t e d before the s u m m e r ra infal ls 
t h e i r qua l i ty is eas i ly preserved . I n m y opin ion , to sow l a t e variet ies s i m p l y in order 
to l eng then t he h a r v e s t i n g period is n o t j u s t i f i ab l e for v a r i o u s reasons; n o w a d a y s even 
t h e shor t age of h a r v e s t i n g capac i ty is no longer an a c c e p t a b l e reason. T o t h e best of 
m y knowledge t h e r e ha s been a n e x c e s s supply of h a r v e s t e r s and c o m b i n e s fo r years 
in H u n g a r y . D e l i b e r a t e late h a r v e s t i n g (e i ther by choos ing la te var ie t ies , o r fo r other 
r ea sons ) is a l u x u r y , which m a y a n d d o e s involve m u l t i p l e losses in a s ing le season. 
T h e really expens ive combine is t h e o n e t h a t is missing w h e n it is most u r g e n t l y needed. 
T h e lack of c o m b i n e s m a y cause losses of several mi l l ions , which wou ld p a y for the 
miss ing combines m a n y t imes over . 
On he bas i s of t he reasons g i v e n a b o v e I am of t h e opinion t h a t t h e e a r l y varie-
t i es will have cons ide rab le a d v a n t a g e s e v e n if the r e s i s t a n c e of the l a t t e r var ie t i es is 
so lved , or if c h e m i c a l disease con t ro l becomes rel iable. A n essential c h a n g e is only to 
be expec t ed if t h e i r res is tance s h o u l d b e coupled w i t h a yie lding abi l i ty cons ide rab ly 
h ighe r t h a n t h a t of t h e early va r i e t i e s . T h i s would give t h e m absolute s u p e r i o r i t y even 
cons ider ing the u n f a v o u r a b l e w e a t h e r cond i t ions a t t h e t i m e of h a r v e s t i n g . 
Apar t f r o m th i s , we m u s t n o t cons ide r all early v a r i e t i e s to be of u n i f o r m l y poor 
q u a l i t y , nor r e g a r d all la te var ie t ies a s of un i fo rmly exce l l en t qua l i ty . 
I t would b e i m p o r t a n t to h a v e re l iably y ie ld ing , easi ly th reshed , f i r m - s t a l k e d , 
ea r ly , res i s tan t w h e a t var ie t ies a t o u r d i sposa l as soon as possible. Once t h i s were realiz-
e d , b e t t e r a n d b e t t e r variet ies w o u l d a p p e a r , and t h e speed of v a r i e t y r e p l a c e m e n t 
w o u l d only cause t r o u b l e to the p r o d u c e r s in following t h e appea rance of t h e va luab le 
var ie t i es . 
Tn m y op in ion there is eve ry h o p e t h a t the d e m a n d s of the p r o d u c e r s will soon 
be fulf i l led by t h e b reeders . 
SZALAY, D . : The p r o d u c t i o n of early w h e a t v a r i e t i e s has m a n y a d v a n t a g e s in H u n g a r y . Apa r t 
f r o m f a r m m a n a g e m e n t and p r o d u c t i o n technology a s p e c t s their p s e u d o t o l e r a n c e to 
r u s t species, p a r t i c u l a r l y to infection b y s t e m rust , is e x t r e m e l y i m p o r t a n t . T h e d isas t rous 
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rus t damage causcd in 1873 m a i n l y to local var ie t ies in the Tisza region (Tisza-vidéki) 
has not occurred again because t h e Hungar ian var ie t i es grown since t h e n have a shorter 
vegetation pe r iod . One of the m o s t important a d v a n t a g e s of the v a r i e t y Bánkút i 1201 
over the fo rmer var ie t ies (local var ie t ies) was its ear l ier ripening. In m o s t years variet ies 
r ipening by t h e e n d of .lune are n o t a t tacked b y leaf rust (Paccinia recondita Rob . 
ex Desm.). E v e n when it appears ear ly (in the m i d d l e of June) the pa thogen does not 
cause subs tan t ia l yield losses in t h e short v e g e t a t i o n varieties. The more dangerous 
s tem rust (Pucc in in graminis tritici Eriks, et H e n n . ) only exceptionally appears before 
the early w h e a t variet ies have r eached waxy r ipeness . Wheats w i t h a ripening t ime 
like that of R a n n y a y a 12 are t h u s reliably res is tant t o this pa thogen. 
Under H u n g a r i a n condi t ions the early w h e a t varieties hold t he promise of 
economic a d v a n t a g e s and represen t a factor of yield reliabili ty. In spi te of this it would 
not he right to ba se the wheat p r o d u c t i o n of H u n g a r y on a few early varieties. Owing 
to the di f ferences between c ropyea r s , and with a v iew to harvest ing a t the op t imum 
stage it is r easonab le to grow m e d i u m early, or e v e n medium late var ie t ies parallel to 
the early ones. T h e weather cond i t ions in recent y e a r s were favourable for the develop-
ment of early var ie t ies . It is k n o w n , however, t h a t a sharp t empera tu re fall late in the 
spring (after t h e heading of ea r ly wheats) or a de l ay in the May ra ins have a more 
adverse effect o n t he early t han o n the later var ie t ies . 
In f a r m s w i t h a high mechan iza t ion level ha rves t i ng takes 10 14 days. A sub-
stant ial r e d u c t i o n in this period is not justif ied b y ei ther organizat ional or economic 
considerations. I t h ink it reasonable to grow at leas t 2 wheal varieties of different vege-
ta t ion period o n every farm. A 6 — 7 days ' difference in ripening t ime be tween the plots 
harvested f i r s t a n d last will a lways he advan tageous . 
Besides t h e above, the pos i t ive correlat ion between vege ta t ion period a n d 
yielding abi l i ty m u s t not he f o r g o t t e n . Though t h e r e are forms where th i s correlation 
does not hold t h e fac t remains , t h a t , provided t h e growth and deve lopment of the 
p lan ts is u n d i s t u r b e d , a longer vege ta t ion period ensures the p roduc t i on of a larger 
amount of o rgan ic ma t t e r . 
SZÄNIEL, I.: Early va r i e t i e s will m a i n t a i n the i r advan tage w i t h respect to t h e cul t iva t ion ra t io 
under any c i rcumstances , basically for two reasons . Fi rs t , in the case of drought t he 
grains are less l iable to shrivell ing. (This is i m p o r t a n t even if var ie t ies with a long 
vegetat ive per iod were found to b e resistant, or could he adequate ly protected. ) The 
other reason is connected with harves t ing . The p r o b l e m is not proper ly formula ted by 
saying: "if a suf f ic ien t number of harvest ing m a c h i n e s were ava i l ab le" . While th is 
would he possible in principle it is an economically absurd proposi t ion. The machines 
become o u t d a t e d , a n d economic eff ic iency requires t h a t they should h a v e the highest 
possible o u t p u t . N o fa rm can a f f o r d to harvest its t o t a l wheat yield f r o m a single var ie ty 
within 4—6 d a y s . The op t imum harves t ing period of 10 — 12 days can only he realized 
by growing va r i e t i e s in d i f ferent r ipening groups ; t he economical ut i l izat ion of all 
machines (combines , t ranspor t ing vehicles, etc.) u s e d in the harves t ing operat ions has 
to be ensured t h r o u g h a ha rmonious selection of m a t u r i t y groups a n d variet ies . Correct 
f a r m and l abour management also demands this. 
TOMPA. GY.: Many peop le believe t h a t a rapid increase in wheat yield can he achieved by 
growing exclus ively varieties w i t h a short vege t a t i on period and t hey support their 
theory by q u o t i n g da ta on surp lus yields. 
In my op in ion the p ropor t i on of the area sow n to varieties wi th a short vegeta-
tion period is b o u n d to increase for farm m a n a g e m e n t reasons, h u t to simplify t he 
question to such a n extent as to m a i n t a i n tha t h ighe r yields depend on the exclusive 
use of these va r i e t i e s would lead to incorrect p rac t i ce . It is a fact t h a t earlier r ipening 
makes it possible to begin ha rves t i ng at the biologically most act ive s tage, which in 
itself means a re la t ive ly larger y ie ld . I t is necessary, however , tha t the harves t ing capa-
city should he a d j u s t e d to the a rea sown to the v a r i e t y in question, otherwise a loss of 
yield amoun t ing t o as much as 2 0 % may occur o w i n g to the dealyed operat ions. This 
could be avoided b y sowing a n o t h e r suitably h i g h yielding var ie ty belonging to t he 
next ma tu r i t y g r o u p . Yield re l iabi l i ty must cer ta in ly he kept in view a n d this can be 
a t ta ined, in m y opinion, by ca re fu l ly determining t h e ratio of var ie t ies wi th different 
vegetat ion per iods . 
Our m e d i u m late wheat var ie t ies arc, r e g r e t t a b l y , unsui table for continued cul-
t ivat ion, but th i s does not mean t h a t we should give u p this category. T h e y are needed 
even if in a smal le r proport ion — if the o p t i m u m period of ha rves t ing is to he kept 
to 10—12 days . W i t h o u t a loss in yield this o p t i m u m cannot he achieved with only one 
ripening group. 
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The fact t h a t our medium early and medium late va r i e t i e s are at p r e s e n t more 
suscept ible to certain pa thogens means t h a t the breeders a n d p l a n t protect ion exper t s 
are faced with a more diff icul t task t h a n in the case of t he e a r l y varieties, w h e r e yield 
losses caused by pseudo-tolerance to ce r t a in fungal p a t h o g e n s do not occur s imp ly due 
to t h e earliness of t he variet ies. 
TuLCZ, I . : Earliness, as a genet ic fea ture of the var ie ty , will a lways lie an advan tage in wheat 
u n d e r the climatic condi t ions of H u n g a r y . This can be s t a t e d so categorically because 
in whea t earliness involves no yield r educ t ion as it does in c rops sown in spr ing , where 
th i s is an essential poin t to be considered. 
The harvest ing capaci ty must be oversized under a n y c i rcumstances , as t h i s sur-
plus inves tment is a lways recovered. Th i s problem can t h u s be solved t o g e t h e r with 
successful protect ion agains t fungal diseases. However, o u r p resen t knowledge is not 
suf f ic ien t to prevent the probabi l i ty t h a t t he grains of late va r ie t i es will shr ivel . Rain-
fal l dur ing harvest ing also impairs the qua l i t y of late var ie t i es . This de ter iora t ion may 
be subs tant ia l . We still remember clearly the 1972 h a r v e s t when the las t hec tares 
were harvested at g rea t loss. 
To sum up, I t h i n k t h a t early var ie t ies will come m o r e a n d more into prominence . 
The proport ions of early and m e d i u m early var ie t ies should be a d j u s t e d to the 
ha rves t i ng capaci ty . La t e varieties, excep t when they a r e ext remely high yielding, 
should , in my opinion, be wi thd rawn f r o m production as s o o n as early a n d medium 
ear ly varieties of suff ic ient ly high yie ld ing ability are ava i l ab le . 
* 
PÁL, GY.: Both abroad and in Hungary foreign and Hungarian wheat varieties, which a r e known 
to give the largest yields, to be resistant to infectious fungi and lodging, to have st iff straw 
and to be winter hardy , are used in breeding. After some t i m e this may resul t in in-
breeding, which in t u r n may lead to the restriction of the gene t ic basis and the decrease 
of genet ic variability and the selection in terval . Do you cons ider these consequences to 
he dangerous, and if so, what measures a n d solutions do you sugges t ? 
BALLA, L. : The restriction of the genetic basis is a real danger for breeders in Cen t r a l and 
E a s t e r n Europe. Most of the new var ie t ies have been d e v e l o p e d from a Bezos t aya 
basis. Some solution m u s t certainly be found to avoid a possible ca t a s t rophe . The 
following tasks should be pe rmanen t ly k e p t 011 the agenda: 
a) seeking ou t and crossing wild whea t species, 
b) intercrossing whea t variet ies differ ing in origin f r o m the H u n g a r i a n ones, 
c) using var ious sources, inc luding the crossing of w i n t e r and spring wheats , 
d) preserving old and local var ie t ies . 
ВЕКЕ, F . : The reduction of the genetic basis is less dangerous in w h e a t t h a n in cross-poll inat ing 
p l a n t s . The genetic cons t ruc t ion of w h e a t , and crossing w i t h varieties g r o w n under 
d i f fe ren t ecological condi t ions always w a r d off the danger of reduct ion in t h e genetic 
basis . I think t h a t anx ie ty in this respect will be superf luous for a long t ime. 
BÉLEA, A.: P lan t breeders general ly choose the crossing partners f r o m a ra the r narrow morpho-
logical range. To a t t a i n more far - reaching resul ts it is ind ispensable to widen t h e initial 
breeding material by using geographically remote varieties, specif ic and generic hybr ids , 
i r rad ia t ion induced m u t a n t s which m a y be useful in p iac t ice , e tc . 
CSONTOS, M.: Genetie deter iora t ion is not expec ted in the near f u t u r e , so it does not represen t 
any danger . It should he noted tha t hybr id iza t ion has great perspect ives in w h e a t grow-
ing, b u t owing to var ious unsolved physiological and prac t ica l problems it c a n n o t yet 
be realized. 
Kiss , A.: I n certain cases s ibbing is acceptable . However , the wide internat ional co-operat ion 
m a k e s it possible for breeders to use va r ious genetic liases for t he improvement of given 
cha rac t e r s in their in tensive varieties. Once the new p rope r t i e s have been s tabi l ized, 
t he mater ia l can be diversif ied by t he combina t ion of d i f f e r en t types. This is why the 
es tab l i shment of in te rna t iona l gene b a n k s is so i m p o r t a n t , because if the possibil i ty 
of selecting for a given charac ter has been reduced, the b reede r can rely on ancient 
t y p e s to renew the weakened charac te r . Besides crossing var ie t ies , in terspecif ic and 
in tergener ic crosses should still be m a d e , since new species and genera r ep resen t a 
w e a l t h of new genetic combinat ions . W i t h a view to the f u r t h e r development of cereal 
breeding a certain a m o u n t of energy m u s t therefore still lie di rected to basic research 
in genetics, cytogenet ics a n d breeding. A m o n g the new possibil i t ies the s tabi l ized hexa-
ploid, octoploid and te t raploid whea t - rye hybrids are w o r t h y of a t tent ion. Moreover , 
t he r e is a great va r i e ty of wheal-Agropyron and whea t -Aegi lops hybrids, a n d more 
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recently of wheat-bar ley , w h e a t - o a t and rye-bar ley hybrids. T h e practical value of 
the la t te r c a n n o t be eva lua t ed as yet , but in t he next 15— 20 y e a r s they may well f o r m 
tha basis of fu r ther d e v e l o p m e n t . 
LÁNG, G.: In w h e a t , as in all o ther c rops , the restr ict ion of the genetic bas i s is harmful . W h e a t 
is ex t remely rich in forms, a n d the local var ie t ies , cultivars a n d v a r i a n t s occurring in 
the world a r e far from be ing exhaus ted . By m e a n s of na tura l a n d artificial m u t a t i o n 
new fo rms w i t h different g e n e t i c bases are cont inua l ly being p r o d u c e d . So a too severe 
restriction of the gene s tock n e e d not be fea red in the case of w h e a t . 
LELLEY, J . : At t h e Hungar ian w h e a t breeding s ta t ions t h e breeders w o r k wi th a highly diver-
sified m a t e r i a l obtained f r o m eve ry corner of t h e world. In places where this is not so, 
they are c o m m i t t i n g a ser ious e r ror . Therefore, fo r the moment I do no t see any dange r 
of a possible restrictioa of t h e genetic basis as a consequence of inbreeding. In fact t h e 
situation is j u s t the opposite, b o t h in Hungary a n d on a world scale , since an increasing 
amount of genetic in fo rmat ion originating f r o m v e r y dis tant g e n e r a is being in t roduced 
into the w h e a t genomes by d i f f e r en t subs t i tu t ion a n d addi t ion m e t h o d s , resulting in a 
substant ia l enr ichment of t h e genetic mater ia l . A decrease in t h e genetic var iabi l i ty 
need not be feared either in H u n g a r y or elsewhere in the world, s ince muta t ion breeding 
also works aga ins t it. A n y w a y , in the different wor ld variety collect ions, and in the gene 
banks w h i c h have recently b e c o m e fashionable , every effort is be ing made to preserve 
various cross ing derivatives as well as the old variet ies . This w o r k mus t be cont inued , 
and p a r t i c u l a r care must he t a k e n of the col lect ions of cul t ivars . T h e gene banks are , 
in my op in ion , inferior to t h e collections of cu l t iva r s , as the gene t ic composition of t h e 
material t h e y contain is n o t c lear ly defined. 
NAGY. В.: The r e d u c t i o n of the g e n e t i c basis in large-scale production s y s t e m s is a real danger , 
and for t h e present this t r e n d seems to be unavo idab le , and c a n only he changed b y 
hybr idizat ion or other genet ic manipula t ion . Meanwhile care shou ld he taken to ma in -
tain fo rmer varieties and g e n e t i c initial s tock which does not suf f ic ient ly possess t h e 
characters l i s ted in the q u e s t i o n , all the more so because in t h e case of hybr id iza t ion 
or gene man ipu la t ions these m a t e r i a l s can and m u s t he used. This d a n g e r is well i l lus t ra t -
ed by t h e resistance p r o b l e m s which have ar i sen in " T " cy top la smic maize hyb r id s 
(Helminthosporium. etc. ep idemics ) . 
POGÁCSÁS, GY.: I n my opinion H u n g a r i a n and fore ign wheat var ie t ies have great genet ic 
variabili ty a n d the selection in terval is large. F r o m a p rac t ica l viewpoint I c a n n o t 
see any d a n g e r of its being r e d u c e d . This s u b j e c t , however, m o r e nearly concerns t h e 
breeders a n d geneticists, a n d it is up to them to decide its i m p o r t a n c e and implicat ions. 
ROMÁNY, P.: T h e world-wide co -opera t ion which now exis ts be tween p l a n t breeders excludes 
the possibi l i ty that the gene t i c basis will be n a r r o w e d down in t h e coining years. T h e 
internat ional exchange of v a r i e t i e s and basic ma te r i a l s has widened to an extent never 
experienced before. This m a k e s it possible for breeders to use bas ic materials wh ich 
are genet ica l ly remote. T h e organized co-operat ion of plant b reede r s will always he 
able to p r e v e n t the n a r r o w i n g dow:n of the gene t ic basis. R e d u c t i o n in the selection 
interval w o u l d , otherwise, be dangerous and shou ld he avoided. 
SZALAY. D.: The res t r ic t ion of the gene t i c basis and var iab i l i ty of the w h e a t varieties is A real 
danger t o d a y in Central E u r o p e . Due to its excel lent properties a n d good general com 
binirg ab i l i t y , Bezostaya I c a n be found among t h e parents of a l m o s t all recent variet ies . 
The suscept ib i l i ty of B e z o s t a y a 1 to powdery mildew ( E r y s i p h e graminis Dc. f. sp. 
tritici M a r c h a i ) and to F u s a r i u m species ( F u s a r i u m roseum f. cerealis (Cke.) Snyder e t 
Hansen, Fusarium graminearum Schw.) is well k n o w n . Wheats wh ich have Bezostaya 1 
among t h e i r progenitors m a y give the same response to infec t ion by the pa thogens 
mentioned a n d to other d i seases , in other words , they may be or become susceptible. 
By crossing wi th various r e s i s t a n c e sources and carry ing out ca re fu l selection the dange r 
of possible epidemic diseases c a n be decreased. Na tu ra l ly , it should he kept in mind t h a t 
varieties of identical or p a r t l y identical origin also show similar behaviour under t h e 
influence of various ecological a n d other fac to rs . 
This does not mean t h a t the use of Bezos taya 1 in c u l t v a t i o n or breeding o u g h t 
to be r e s t r i c t e d . At the m e d i u m level of agro technics in H u n g a r y this variety gives 
sat isfactory a n d compara t ive ly reliable yields even today. The va lue of the new varie t ies 
developed w i t h the ut i l iza t ion of Bezostaya I will he decided in t h e course of pract ice . 
It may be w o r t h r emember ing tha t in the for t ies and fifties t h e win te r wheat v a r i e t y 
Bánkúti 1201 and its d e r i v a t i v e s were widely g rown not only in H u n g a r y but also in 
the ne ighbour ing countries w i t h o u t any h a r m f u l consequences. 
I t w o u l d be wise to a v o i d the d i sadvan tageous genetic e f f ec t s originating f r o m 
the wide use of Bezostaya 1. Th i s has been m a d e possible by t h e use of new va luab le 
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v a r i e t i e s not re la ted t o B e z o s t a y a 1. Bes ides increasing the d i v e r s i t y , the old H u n g a r i a n 
v a r i e t i e s m a y also be of u s e in crossing, o w i n g to their h igh a d a p t a b i l i t y to the ecological 
c o n d i t i o n s in H u n g a r y , a l t h o u g h f r o m t h e h y b r i d s of B á n k ú t i 1201 type w h e a t s f o r m s 
m e e t i n g t he cur ren t r e q u i r e m e n t s can o n l y be selected a f t e r r e p e a t e d crossing. 
As a whole, b r e e d e r s should a im at h a v i n g a genet ica l ly d ivers i f ied b reed ing s t o c k 
a t t h e i r disposal , so a s t o b e able to p r o d u c e var ie t ies w i th d i f f e r e n t h e r e d i t a r y bases . 
SZÁNIEL, I . : I s t he r educ t ion of t h e gcnetic bas is d a n g e r o u s ? Yes, i t ce r t a in ly is. B reed ing will 
on ly b e successful if c a r r i e d ou t wi th t h e wides t possible g e n e t i c basis. 
PÁL, GY.: The chemical control of those weeds w h i c h cause a substantial loss of yield has pro-
duced, through selection, a weed flora resistant to the applied chemicals. The use of new 
herbieides may produce further resistant weeds, and this may continue indefinitely. What 
solut ions can you suggest for the eff ic ient control of resistant weed species developing 
in wheat stands? 
ВЕКЕ, F . : Mechan ica l weed c o n t r o l w ill con t inue t o be t he pr inc ipa l m e t h o d of p ro t ec t i ng p l a n t s 
a g a i n s t weeds. The h i g h e r level of t e c h n o l o g y and i m p r o v e d cu l tu ra l p rac t ices will 
g r a d u a l l y reduce t he ro le of herbicides. I be l ieve t h a t t h e c h a n g e of herbic ides fo l lows 
c h a n g e s in the weed f l o r a and its t o l e r a n c e . Weed cont ro l will r e m a i n i m p o r t a n t in 
p laces whe re careful soil cu l t iva t ion is neg l ec t ed . 
BELEA, A. : W e e d s res is tant to h o r m o n e - b a s e d chemica l s have r e c e n t l y become widely d i s t r i -
b u t e d . T h e propion d e r i v a t i v e s of v a r i o u s h o r m o n e p r e p a r a t i o n s h a v e p roved h i g h l y 
e f f i c i en t agains t d i c o t y l e d o n o u s h o r m o n e - r e s i s t a n t weeds . Bes ides tes t ing t he n e w 
he rb i c ide s it is very i m p o r t a n t to s t u d y t h e i r effect on t h e compos i t i on and s t r u c t u r e 
of t h e weed flora, w i t h t h e purpose of p r e v e n t i n g t he d e v e l o p m e n t of a r e s i s t an t weed 
f lo ra b y in t roduc ing a n a p p r o p r i a t e h e r b i c i d e ro t a t i on . 
P ro t ec t i on f r o m weeds should he m a d e more e f f i c i e n t b y the app l i ca t ion of 
u p - t o - d a t e cu l tura l p r a c t i c e s . P roper soil c u l t i v a t i o n car r ied o u t in due t ime, a d e q u a t e 
c rop r o t a t i o n , etc., a r e a lso known to r e s t r i c t the weed g r o w t h in whea t s t a n d s t o a 
cons ide rab l e ex ten t . 
BÓCZ, E . : I t w a s pred ic tab le t h a t t he res is tance of weeds would d e v e l o p more quickly t h a n t h e 
d e m a n d for herbicides cou ld he sa t is f ied. W e have a lways e m p h a s i z e d t h a t t h e w e e d 
kil l ing e f f ec t of soil c u l t i v a t i o n canno t he d i spensed wi th . T h e t r a d i t i ona l crop r o t a t i o n 
a n d soil cu l t iva t ion s y s t e m s developed w i t h a v iew to an o p t i m u m wa te r supp ly s h o u l d 
be r e v i s e d , and the poss ib le i n t roduc t i on of new crop r o t a t i o n sys t ems a n d f u r t h e r 
soil c u l t i v a t i o n t e c h n i q u e s should be t a k e n i n t o cons ide ra t ion . 
CSONTOS, M. : Besides a p p l y i n g herbic ides an a p p r o p r i a t e crop r o t a t i o n m u s t he m a i n t a i n e d . 
W h e a t c a n be safely s o w n a f t e r whea t on t w o occasions. 
F'.RDF.I. P . : I a m afra id the w o r l d ' s highly d e v e l o p e d chemical i n d u s t r i y will leave l i t t le t i m e 
for d e s p a i r . Apar t f r o m th i s , not only t h e " h e r b i c i d e r o t a t i o n " sugges t ed and used t o d a y 
a g a i n s t r es i s t an t weeds , b u t also the well k n o w n cul tura l p r a c t i c e s , which are s lowly 
f a l l i ng in to disuse, a re e f f i c ien t means of w e e d control . Chemica l weed cont ro l c a n n o t 
m a k e u p for the def ic ienc ies in c u l t i v a t i o n o f t e n e n c o u n t e r e d t o d a y . It is a p i t y t h a t 
the s u b j e c t of biological p ro t ec t ion aga in s t dange rous weeds is on ly deal t wi th in H u n -
ga ry in t heo ry , a l t h o u g h it is of grea t s ign i f icance for t he f u t u r e . 
KÁDÁR, A. : T h e prevalence of weeds r e s i t an t to herb ic ides can be t r a c e d back p a r t l y t o t h e 
use of herbic ides c o n t a i n i n g ident ical a c t i v e agents , a n d p a r t l y to p roduc t i on in a 
m o n o c u l t u r e . The m a n n e r of pro tec t ion is a l w a y s d e t e r m i n e d b y the weed c o n d i t i o n s 
in t h e g iven field. O n t h e basis of d a t a o b t a i n e d in an a s s e s s m e n t of weeds one c a n 
dec ide on the k ind of h e r b i c i d e to be used , or , if it is necessary a n d possible, on t h e dis-
c o n t i n u a t i o n of the m o n o c u l t u r e . W i t h t h e r a n g e of herbic ides n o w avai lable t he c o n t r o l 
of w e e d s is possible e v e n w h e n cereals a r e g r o w n in a m o n o c u l t u r e , hut a t t e n t i o n m u s t 
be p a i d to the changes c a u s e d by d i f f e r e n t herbic ides in t h e weed composi t ion . 
Ki s s , A. : C u l t u r a l pract ices will c o n t i n u e to p l a y a n i m p o r t a n t role in weed control . H e r b i c i d e s 
m u s t n o t be used as t h e o n l y means of p r o t e c t i o n agains t weeds , because we shal l t h e n 
be u n a b l e to deal wi th t h e developing r e s i s t a n t weed f lora . W e e d cont ro l carr ied o u t a t 
the r i g h t t ime will on ly b e effect ive if it is coupled w i th a p p r o p r i a t e crop r o t a t i o n 
and t i l l age . 
T h e d e v e l o p m e n t of the weed f lo ra shou ld be fol lowed w i t h cons tan t a t t e n t i o n 
in o r d e r t h a t the neces sa ry s teps m a y be t a k e n in due t ime . 
KOLTAY. A . : T h e t rad i t iona l ag ro t echn ica l possibi l i t ies of weed c o n t r o l should be ful ly exp lo i t -
ed. T h e correct crop r o t a t i o n , soil c u l t i v a t i o n , f a r m y a r d m a n u r e f r ee f rom weed-seeds , 
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pure seed, and last bu t n o t least regular weed killing on roads, d i tches , fallow land a n d 
other p laces exposed to weed growth, are eff ic ient means of weed control . These f ac to r s 
have b e e n almost complete ly neglected since the introduct ion of chemical weed control , 
which is undoubtedly t he mos t efficient m e t h o d of protect ion f r o m weeds and which 
also r e q u i r e s the least i nves tmen t . Herbic ides do not , however, solve every p rob lem, 
and m a y develop a weed f lora resistant to the chemicals used. A p a r t f rom this, if t h e y 
are used without observing t he inst ruct ions , or applied at too h igh a ra te , etc., a lmos t 
all herb ic ides have a p h y t o t o x i c effect . U n f o r t u n a t e l y , m a n y of t he new wide-range 
herbic ide preparat ions, beside their eff icient act ion, have o f t e n caused yield decreases 
in our exper iments . T o d a y efficient herbicides against monoco ty ledonous weeds are 
a l ready available, and the r ange will increase in the fu ture . In our opinion the develop-
ment of chemical weed control is able to keep s tep with to lerance in the weeds, and will 
p rov ide protect ion against more resistant weed species as well. 
I t mus t he repea ted ly emphasized, however , t ha t agro technica l me thods of 
weed con t ro l should also be increasingly ut i l ized. An op t imum or th icker t han o p t i m u m 
plant s t a n d provides p ro tec t ion against weed growth , . and on a reas wi thout too m a n y 
weeds m a y render chemical weed control super f luous , especially in t he case of ear l ier 
var ie t ies . La te varieties h a v e the d i sadvan tage t h a t the summer weed flora makes t h e 
h a r v e s t i n g operations e x t r e m e l y diff icul t , pa r t i cu l a r ly in cool, r a iny summers . T h e 
reason w h y dwarf and semi-dwarf wheats are n o t widely grown at present is t ha t t h e y 
canno t be protected f rom weeds with a single application of herbicides . 
K u RUCZ, GY.: Eff icient weed con t ro l in wheat "exclusively with chemica l s" is impossible. 
B o t h resea rch results and f a r m pract ice p rove t h a t high level w h e a t product ion can onlv 
be rea l ized by the o p t i m u m application and co-ordination of cu l tu ra l practices. T h e 
app l i ca t i on of chemicals, however eff ic ient , is only one of the f ac to r s of weed cont ro l . 
In w h e a t s tands where t he correct cu l tura l pract ices are used chemical t r e a t m e n t is 
o f t en unnecessary . High level wheat p roduc t ion is based on weed control carried o u t 
us ing agrotechnical m e t h o d s supplemented by the application of chemicals. On areas 
where up - to -da te cu l tura l pract ices are appl ied in wheat p r o d u c t i o n , and where crop 
r o t a t i o n ensures t ha t w h e a t is not sown a f t e r wheat more t h a n twice, resistant weed 
species do not develop a n d spread. The resul t s of invest igat ions carried out in recen t 
years p r o v e unambiguous ly t h a t bicultures give higher yields. W i t h the present avai labi l -
ity of chemicals a monocu l tu re over a longer per iod is not a basic requ i rement even in 
maize. T h e concentrat ion of maize p roduc t ion wi th in any one f a r m to such an e x t e n t 
as to p r e v e n t reasonable c rop ro ta t ion is not jus t i f ied by na t iona l consumer d e m a n d s . 
The pr ice increase for indus t r i a l p roduc t s , par t icular ly chemicals , make it impera t ive 
tha t a t t e n t i o n be paid to t h e efficiency and necessity of cul tura l pract ices . 
Kti KEDI, E . : Before World W a r I I crop ro ta t ion as well as careful soil cu l t iva t ion and p l a n t 
t e n d i n g were the usual m e a n s of weed cont ro l in Hungary . Herb ic ides were only used 
on a v e r y small area, a lmost as a sort of expe r imen t . In spite of th is , in properly m a n a g e d 
large f a r m s weeds caused no special t rouble in wheat s tands . Since harvest ing took 
place a t the stage of waxy r ipeness , most of t he weed seeds got in to t he sheaves and were 
later r e m o v e d with t h e m f r o m the field. Thresh ing was carried o u t in the f a r m y a r d , 
where t he major i ty of the weed seeds r ema ined . I t is thus u n d e r s t a n d a b l e that in p rope r ly 
m a n a g e d fa rms using c rop ro ta t ion the w h e a t s tands could be k e p t free f rom weeds. 
Howeve r , this was not a lways t rue of smal l fa rms. Weeds caused par t icular ly g rea t 
d a m a g e a f t e r World W a r I I in 1947, when 32.5° ( ) of H u n g a r i a n wheat s tands were 
ove rg rown by weeds. T h e losses caused by weeds in the four m a i n cereals (wheat , rye , 
oa ts a n d barley) in t h a t y e a r amoun ted to 600 million for in t s . The spreading of t he 
weeds w a s promoted by the combines themselves , as the hulk of t he weed seeds was 
left on t h e wheat field a n d later worked in to the soil. Under such condi t ions weed control 
in w h e a t could no longer be carried out w i t h the t radi t ional m e t h o d s . The a p p e a r a n c e 
of he rb ic ides was then of great assistance. Research on herbicides s tar ted in H u n g a r y 
in 1947, b u t they were n o t t es ted by the f a r m s unt i l 1954. Since t hey fulfilled the expec-
t a t i o n s t he herbicides sp read rapidly, and are used today on 1.1 million hectares , i.e. 
on 8 5 ° 0 of the wheat a rea of Hungary . At t he beginning herbic ides containing 2,4-D 
and M C P A as active agent were mostly used in practice, but t o d a y m a n y other herbi -
cides, ef f ic ient even aga ins t resis tant weed species, are avai lable . The advan tages of 
c h e m i c a l weed control (e l iminat ion of spa t ia l parasi t ism, r e d u c t i o n in the n u m b e r of 
v a r i o u s pests, earlier a n d more un i form r ipening, easier mechan ica l harvest ing, e tc . ) 
h a v e been proved in prac t ice since 1954, b u t i ts d isadvantages h a v e also become a p p a -
r e n t . W e e d species sensi t ive to the herbicides have been e l iminated hv now in H u n g a r y 
as e lsewhere , but those res ia tant to cer ta in herbicides have su rv ived and spread. The 
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most f r equen t of these a re : monocotyledons: Alopecurus myosuroides Huds . , Apera 
spica venti (L.) P. В., Avena fatua L., etc.; dicotyledons: Anthémis arvensis L., Fumaria 
officinalis L., Galium aparine L., Lamium spp . , Matricaria s p p . . Polygonum convolvulus 
L., Stellaria media (L.) Cyr . , Veronica spp. T h e following w e e d species, on t he o the r 
hand, h a v e been kept d o w n considerably: Agrostemma githago L . , Centaurea cyanus L., 
Raphanus raphanistrum L. , Sinapsis arvensis L., etc. 7'he t r a n s f o r m a t i o n and restr ic-
tion of t he weed flora a n d t h e development of resistant weeds is characterist ic n o t only 
of H u n g a r y , bu t of all c o u n t r i e s in the world tvhcre herbicides a re regularly used . These 
experiences clearly show t h a t the weeds c a n n o t he des t royed wi th herbicides a lone: 
their rep lacement is ensured by the weed seeds which fall to t h e ground on ha rves t ing , 
by def ic ient soil cu l t iva t ion , etc. The surv iva l of weeds is p r o m o t e d by the f a c t t h a t 
their weeds maintain the i r germinative ab i l i ty for a long t i m e . For these reasons the 
repression of weeds can on ly be expected f r o m the joint a p p l i c a t i o n of t radi t ional weed 
killing me thods and herb ic ides . 
LÁNG, G.: Chemical weed control is only one of t h e possible ways of f igh t ing weeds. A clear, 
weedless s t and of cu l t iva ted plants can only be obtained by co-ordinat ing all t he pos-
sible m e t h o d s of weed con t ro l . A par t icular ly important role is played by t i l lage and 
the correc t succession of c rops . Observat ions connected w i t h t he non-tillage m e t h o d 
have s h o w n that weed con t ro l based on chemicals alone is n o w h e r e near as eff ic ient as 
when combined with a p r o p e r tillage m e t h o d . In the case of whea t the role of ti l lage 
is par t i cu la r ly impor tan t , since on soils wh ich are suitably cu l t i va t ed weedless s t a n d s 
can be ensured without chemica l weed cont ro l . 
LELLEY. J . : Owing to its adverse effect on the env i ronmen t and to t h e increasing n u m b e r of 
res is tant weeds, chemical weed control has , to a certain e x t e n t , come to a dead -end . 
The correct crop ro ta t ion , eff ic ient ferti l izer application, soil p repara t ion and sowing, 
and a p r o p e r spring s t a n d densi ty will en su re the desired absence of weeds. Chemical 
weed cont ro l is, in fact , on ly just i f ied when a thinning of t h e s t a n d occurs t h r o u g h no 
fault of t h e fa rm. Chemical weed control shou ld be only an emergency measure, since 
eve ry th ing can be a t t a ined wi thout the app l i ca t ion of herb ic ides provided the work is 
carried o u t efficiently a n d conscientiously. If minimum t i l lage or no tillage becomes 
general pract ice, then the applicat ion of chemica l s will be unavo idab le . In t h a t case 
herbicides should he syn thes ized which des t roy all plants w i t h o u t exception b u t d e c o m -
pose v e r y quickly. 
NAGY. В.: In m y opinion the con t ro l of the res is tant weed species deve lop ing in whea t s t a n d s 
with each type of herbicide can be achieved b y the correct p l a c e m e n t of whea t in t he 
crop r o t a t i o n , by developing herbicide combina t ions and by ensu r ing herbicide combi -
nations and by ensuring herbic ide rota t ion. Apar t from this , I th ink it necessary t o 
adopt a n y new chemical or o ther weed cont ro l methods in cerea l s as soon as poss ib le . 
PETRÓCZI, I.: Chemical weed con t ro l certainly develops a weed flora r e s i s t an t to the c h e m i c a l s 
applied. However, herbic ide research and manufac tu re h a v e solved these p rob lems . 
Two prepara t ions , D ikamin a n d Gabonil, h a v e been in t roduced exclusively for large-
scale w in t e r wheat, bo th of which give good protection a g a i n s t resistant weeds when 
applied a t a rate of 2.5—2.8 litre/ha. Dicuran , a preparat ion l icensed for expe r imen ta l 
purposes , also seems to g ive perfect p ro tec t ion against selected weeds. 
I do not see any p rob l em as regards herbicides; du r ing , application, however , 
care m u s t be taken to p r e v e n t any possible dispersion, so it is advisable to con t inue to 
use a b lock ar rangement . 
POGÁCSÁS, GY.: The possibilities of protection aga ins t resistant weed species developing in 
wheat s t a n d s can be s u m m e d up as follows: a) correct c u l t u r a l practices, soils k e p t 
" b l a c k " ; b ) correct succession of plants (d i f fe ren t crops have d i f f e ren t dominance over , 
and to lerance to weeds, a n d different weed species prevail in t h e stands); c) based on 
the correc t succession of c rops a herbicide (hormone-herbicide) r o t a t i o n should he e s t ab -
lished, a n d the herbicides appl ied should be changed every f e w years even when they 
contain t he same active a g e n t ; d) there seems to be a need t o s tudy the reac t ions of 
d i f ferent whea t varieties t o various weed species (dominance over and to lerance to 
weeds). 
ROMÁNY, P. : A resis tant weed f l o r a has not yet developed in H u n g a r y over the sowing a rea 
of win te r whea t , as it has , f o r example, in maize . This is p robab ly due part ly to t he f ac t 
that w h e a t is not grown in a monoculture in Hungary, a n d p a r t l y to the f a c t t h a t 
a res i s tan t weed flora can only develop in w h e a t treated for severa l years with herb i -
cides con ta in ing the same ac t ive agents. In t h e case of a whea t monocul ture the chemi-
cals app l ied should he v a r i e d in order to p r e v e n t the d e v e l o p m e n t of resistant weed 
species. 
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KOSTA, К . : I n t he course of the las t few years a considerable change h a s occurred in the c o m -
posit ion of the weed flora as a result of regular chemical weed control carried out in 
the whea t s tands . This c h a n g e has taken place in two direct ions: f i rs t , the n u m b e r of 
weed species has been r e d u c e d , and secondly, cer ta in previously impor t an t species are 
gaining g round owing to the i r resistance to herbicides (e.g. Avena spp., Agropyron 
repens, Apera spica-venti, Ilromus secalinus, e tc . ) . 
I t h i n k tha t the m o s t impor tan t t a sk is to make r egu l a r cenological s u r v e y s 
in the w h e a t s tands in o rder to obtain i n f o r m a t i o n about the changed composit ion of 
the weed f lora and the e x t e n t of coverage b y t h e individual species . 
W i t h a view to r e d u c i n g the weed species resistant to t h e herbicides cu r r en t ly 
applied I t h i n k it necessary to e laborate a p p r o p r i a t e agrotechnical protection m e t h o d s , 
including pr imari ly well p l a n n e d crop ro t a t i on . 
A p a r t f rom this , m o r e efficient superselect ive herbicides shou ld he applied even 
if this leads in lime to the deve lopment of f u r t h e r resistant weed species. 
TARJÁN. R. : On the basis of our o w n invest igat ions a n d literary s tudies we propose the in t ro -
duct ion of new efficient herb ic ides . As far as we are aware, physica l or biological m e t h o d s 
are not avai lable at present . 
TULCZ, I.: I h a v e always regarded t he chemical weed control of w h e a t as a partial so lu t ion , 
and laid great emphasis on soil cult ivat ion and crop rotation as m e t h o d s of weed kil l ing. 
1 th ink it highly impor tan t to br ing about a u n i f o r m stand of a d e q u a t e density, t h e r e b y 
checking t he development of weeds. With increased harves t ing capacity ha rves t i ng 
losses caused by w:eeds can be prevented. 
If t he other possibilit ies of protect ing crops from weeds a r e utilized, the role of 
chemical weed control will he diminished. 
As for the deve lopment of a resistant weed flora, I do n o t t h i n k this r ep re sen t s 
too grea t a danger in the case of wheat . We h a v e been using t w o herbicides — Dikon i r t 
and D i k o t e x for f i f ten yea r s , and the res i s t an t weed flora h a s n o t developed to such 
an e x t e n t as to cause m u c h t rouble . 
The chemical sciences are expected to m a k e still more r a p i d progress in t he 
fu tu re . The beneficial e f fec t of this is a l ready fe l t in the con t i nuous appearance of new-
herbicides. 
T h u s there is every hope that weed g r o w t h will not be a fac tor hindering t he 
deve lopment of wheat p r o d u c t i o n in the coming years. 
ÚJVÁROSI, M.: I n a very simple a n d abs t rac t form it really does seem t h a t as a response to 
chemical t r e a tmen t s a r e s i s t a n t weed flora develops, thus invo lv ing the danger t h a t 
new herbicides will result in new resistant weed species, in a v ic ious circle. 
A closer examina t ion of the problem, however, reveals a different s i t u a t i o n . 
Today well-managed f a r m s which produce h igh yields are charac ter ized by w h e a t 
s tands e i ther completely or a lmos t free of weeds, where the re c a n be no ques t ion of 
a res i s tan t weed flora. 
On page 6 of my b o o k "Weed con t ro l " (Gyomirtás , Mezőgazdasági Kiadó, 1973) 
1 gave t he following of t -expressed opinion: "According to ou r p resen t knowledge of 
the weed f lora the m a x i m u m utilization of t h e agrotechnical possibilities c u r r e n t l y 
avai lable, together with t he necessary chemica l weed control , provides the f r e e d o m 
from weeds retpiired for a t t a i n i n g large yie lds a n d also results in clean soil." 
In f a r m s where weedless or nearly weedless wheat f ie lds are found the weed-
seeds a n d underground v e g e t a t i v e organs of perennia l plants h a v e mostly been r e m o v e d 
from the soil as a result of yea r s of u p - t o - d a t e cultural p r ac t i c e s and chemiza t ion . 
This is w h y adequate chemica l control car r ied out every yea r c a n keep the f ie lds in 
such a w-eedless state. 
I t is now known b y m a n y experts t h a t the up- to-date agrotechnical faci l i t ies 
of our d a y represent a v e r y m u c h greater weed-killing capac i ty t han those ava i lab le 
a few decades ago. 
I t is also known t h a t the much higher n u m b e r of p lants p e r uni t area is n o w in 
itself an impor t an t fac tor of weed control, since given a s a t i s f ac to ry development of 
wheat p l a n t s the weeds emerg ing in the s t a n d are repressed or completely des t royed . 
On those areas, on t h e o ther hand, w h e r e adequate soil cu l t iva t ion is not a lways 
carried o u t a t the right t ime , or where the chemica l t rea tments a r e no t always ef f ic ien t , 
the s t a n d s are natural ly overgrown by weeds even today. 
W e e d s are par t icu lar ly abundan t in p laces where the chemica l weed cont ro l of 
the c u r r e n t year has only been par t ly successful . On areas no t y e t free of weeds m a n y 
wheat f ie lds are found where the chemical weed control has not b e e n of the right q u a l i t y , 
or has been inefficient for o t h e r reasons, a n d has destroyed o n l y the more sens i t ive 
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species of the weed flora, leaving beh ind the more or less resistant ones. These are usually 
the plots where seemingly res i s t an t weed species develop or spread . 
Where there is a regular use of identical or similiar herbicides, however, par t i -
cularly in a monocul ture last ing several years, ce r ta in weed species res is tant to t he 
herbicide concerned may in f ac t sp read over a smal le r or larger a r ea . I n Hungary , fo r 
example , hormone-based herbicides which p r imar i ly destroy d ico ty ledonous weeds 
have been used for more t h a n f i f t e e n years for weed control in cereals . Under the i r 
selective effect the monocoty ledonous weeds h a v e become dominan t in some places, 
in wheat especially Apera spicaventi, lately Avena fatua, and here a n d there Galium 
aparine, Anthemis, Matricaria species, etc., which are resistant t o these herbicides. 
Today we are in possession of herbic ides which c a n successfully be u s e d against these 
weeds as well. Unfor tuna te ly , t he use of fu r the r herbicides either in combinat ion or 
alone involves a cost increase, t he re fo re in many places they are no t u s e d except where 
i t is unavoidable . Efficient weed control requires well-trained e x p e r t s to apply t he 
available herbicides according t o need. 
I t m u s t not be forgot ten t h a t the weed p l a n t s which cause d a m a g e to whea t 
may a t t a ck o the r crops too, a n d can therefore be control led t h r o u g h o u t the crop ro ta -
t ion with o the r herbicides not used for wheat . T o d a y a wide r ange of chemicals a n d 
their combina t ions are available t o t h e experts fo r use at the o p t i m u m t ime and place 
to prevent res i s tan t weeds f rom spreading. And if t h e y have a l ready sp read , there are 
special herbicides available to des t roy them — even though this involves addi t ional 
costs. 
It m u s t be kept in mind , however , t h a t w i t h the present large-scale pa t t e rn of 
crop p roduc t ion certain weed species may spread a t the same unbe l i evab le rapid r a t e 
as some pa thogens and fungal diseases do. To t ake s teps against t h e m in due time before 
they spread uncontrol lably is also a responsibi l i ty of the experts. 
To deal wi th the diversif ied ecological, biological and agro technica l problems 
of weed killing is beyond our scope, as is a de ta i led discussion of t h e possibilities of 
chemical weed control. These sub j ec t s are dealt w i t h in readily ava i l ab le books a n d 
papers . I t can be seen from what has been said a b o v e tha t crop p r o d u c t i o n today has 
special means of preventing r e s i s t an t weed species f rom causing p rob lems . Pract ice 
has proved t h a t wi th the proper ut i l izat ion of t he possibilities ava i lab le crops can be 
kep t pract ical ly free of weeds. 
* 
PÁL, GY.: In Hungary the sowing area is 1 . 3 million ha for wheat and 1 .4 mill ion ha for maize: 
today wheat is mare profitably grown in Hungary than maize because investments are 
higher in the latter. Considering the profitability of the two crops, the world market de-
mand for wheat, the fact that wheat is used as a protein source in Hungary and that 
maize is not only a fodder plant hut also the raw material of germ oil and liquid sugar 
production, will — in your opinion — the sowing area of wheat increase or decrease in 
the future? 
BALLA, [..: In H u n g a r y the sowing a rea of winter whea t has been reduced a n d fixed at 1.3 
million ha . Owing to an increase in the p roduc t ion of fodder crops a n d vegetables a 
fu r the r minor reduct ion may occur , bu t subs t an t i a l changes c a n n o t be expected. 
ВЕКЕ, F . : The p roduc t ion area of maize will decrease or s t agna te if the cost levels increase 
or remain unchanged . Compet i t ion between the t w o species is a lways influenced b y 
product ion costs and profits. E v e n if new technological procedures b r ing about new 
means of ut i l i sa t ion (maize germ oil, s tarch, i nve r t sugar), it is still t h e product ion 
costs t h a t will decide how the r a t io of maize a n d whea t p roduc t ion should change. 
BELEA, A.: A f u r t h e r slight decrease in t he whea t sowing area should he e x p e c t e d in H i n g a r y . 
The main reason is the ut i l iza t ion of areas unsu i t ab l e for wheat p r o d u c t i o a (hilly, 
moun ta inous regions) for more use fu l purposes. N e w roads, housing e s t a t e s and indus-
trial areas also reduce the sowing a rea of bread-gra ins . On the o ther h a n d , the higher 
bread consumpt ion involved wi th t he popula t ion increase, and t he growing require-
men t s for reserves, exports and ass is tance p r o g r a m m e s must also be t a k e n into consi-
derat ion. Therefore , in order to ensure a s teady supp ly of bread t h e decrease in t he 
sowing area m u s t be coupled w i t h a propor t iona te increase in yield. 
Bócz , E . : Maize will cont inue to exceed whea t as regards yield potential . B y increasing t he 
yield in bo th crops the maize r equ i r emen t s might be covered with a reduced sowing 
area. In my opinion the sowing a rea of wheat should be increased. A r e a s less sui table 
for maize p roduc t ion will be g iven over to wheat production. Soils w i t h compara-
tively poor n a t u r a l conditions can in fact be be t t e r utilized for w h e a t . 
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CSONTOS, M.: This is a q u e s t i o n of economic pol icy. The pe rcen t age distribution of crops on a 
na t iona l scale is d e t e r m i n e d by economic regula tors and accord ing to central expecta t ions . 
Some increase in the wheat area m i g h t he possible in the future, b u t only a t the 
expense of crops o t h e r t h a n maize. 
ERDEI, P . : T h e present sowing areas of wheat a n d maize have been fixed mainly b y t he pres-
sure of economic a n d opera t ive condi t ions . This ratio w a s influenced very l i t t le , if a t 
all. by the product ion overheads. Since t h e sowing s t r u c t u r e proportion has n o t under-
gone any subs tan t ia l change for some y e a r s , in spite of t h e f ac t that f rom a mercant i le 
poin t of view they h a v e advan tages b o t h together a n d separa te ly , the s i tua t ion is not 
likely to change in t h e fu tu re . 
Kiss , A.: W h e a t as a source of protein will m a i n t a i n its leading ro le for a long t ime. Moreover, 
in t h e new wheat va r i e t i e s the breeders will be able to increase the protein content by 
1 - 3 % while the y i e ld ing ability r ema ins unchanged, or possibly shoxvs a n increase. 
By increasing t h e protein con ten t t he amount of lys ine contained in t he protein 
may also he increased. Except ions to t h e correlation h a v e already appeared in many 
h y b r i d s . 
Considering t h e present technology and the d i f f icu l t ies in t r anspor t a t ion maize 
can ha rd ly he r ega rded as an oil p lan t (germ oil). As a f o d d e r plant it will con t inue to 
p lay a leading role. Maize will become a part icularly v a l u a b l e fodder crop if breeders 
succeed in fixing a h i g h lysine content in t he normal t y p e ma ize grain, while ma in ta in ing 
or possibly increasing t h e yielding ab i l i ty . 
A t t empt s to b r e e d for high p ro t e in a n d lysine c o n t e n t s and high y ie ld ing ability 
in maize have not b e e n successful so f a r , though an increase in the lysine con t en t and 
yie ld ing ability h a v e been achieved at a low protein level . 
KOLTAY, A. : The wheat a r e a of Hungary has become cons tan t a t abou t 1.3 million ha in the 
pa s t decade. This is a sat isfactory size which need not be ei ther increased or reduced. 
A f u r t h e r increase in t h e yield average is expected; a 40 q / h a national average can cer-
ta in ly be reckoned w i t h in the fu tu r e , which means a r o u n d 5 million tons of wheat . 
If a t o t a l yield of t h i s order can be a t t a i n e d , a considerable volume can be expor ted 
a f t e r fulfilling domes t i c demands. 
KURUCZ, GY.: The wheat a r e a in Hungary shows A general t e n d e n c y to decrease, to an ex ten t 
depend ing on the in tens i f ica t ion of c rop production, a n d o n the increase in t h e fodder 
r equ i r emen t s for l ives tock . In spite of th i s , the following decades will be charac te r ized 
by changes in the a r e a s a n d soils used for whea t p roduc t ion ra ther than by a reduct ion 
in t he wheat area. Cost- intensive crops w i t h a high p r o d u c t i o n value (vegetables , sugar-
beet , maize, indus t r i a l plants , etc.) can be profi tably g r o w n only in fert i le soils. With 
the present farm size the re is more t h a n one type of soil in almost all f a r m s , so tha t 
crops wi th higher p roduc t i on values c a n be growm in b e t t e r soils. This means tha t 
a larger proport ion of whea t will he g rown in soils of r e l a t ive ly poor fe r t i l i ty (alkali, 
a lkalescent , meadow a n d forest soils, poo r sand. etc.). I n m o r e fertile soils (par t icu la r ly 
chernozem, meadow, b lack sand, etc.) t h e propor t ion of w h e a t production will he deter-
mined by the needs of crop rotat ion. Th i s tendency will s low down the ra te a t which the 
average wheat y ie lds pe r unit area increase. The d e m a n d for varieties able to produce 
h igher yields in less fe r t i l e soils by a d a p t i n g themselves t o the unfavourab le local con-
di t ions will increase. Unfor tuna te ly , a t present there is no var ie ty tes t ing s ta t ion in 
H u n g a r y character is t ic of regions w i t h unfavourable condi t ions , so it is impossible 
to t e s t the adap t ab i l i t y of new varie t ies to compara t ive ly poor soil condi t ions . 
Bezostaya, a n d more especially Jub i l e inaya , h a v e t h e highly va luab le proper ty 
of be ing adaptable to poorer soil condi t ions and giving rel iable uniform yields . I do 
not w a n t to go i n to detai ls about t h e more favourable terri torial location of wheat 
breeding which p rev ious ly existed in H u n g a r y , hut I t h i n k it is just i f iable to tes t the 
b reed ing material on a wider range of soil conditions, a n d to aim at the deve lopment 
of var ie t ies giving l a rge r yields under poore r soil condi t ions. All in all. instead of reducing 
t he sowing area of w h e a t I suggest t r ans fe r r ing the w h e a t production in H u n g a r y to 
areas wi th less f a v o u r a b l e soil condi t ions, which implies t a k i n g the poorer p roduc t ion 
condi t ions into cons idera t ion in breeding. 
LÁNG. G.: T h e wheat area in Hunga ry will not change s igni f icant ly in the fu tu re . I n order to 
p rove this s t a t emen t we would have to deal not oidv w i t h p l an t product ion a n d biolo-
gical considerat ions, h u t also with i m p o r t a n t quest ions of production m a n a g e m e n t , 
economics, marke t ing , etc . In agr icul ture it woidd he a g r e a t mistake to fol low the price 
f luc tua t ions on t he wor ld market wi th a quick and t h o r o u g h ad jus tmen t of t h e produc-
t ion s t ructure . Such s t ruc tu ra l changes would he very expensive , and the costs would 
exceed the a d v a n t a g e s originating f r o m the momen ta ry pr ice relations. 
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LELLEY, J . : The opt imum rat io of the wheat and maize areas should he established in a c c o r d -
ance w i t h the interests of the national e c o n o m y and the poss ib i l i ty of expor t . W h e a t 
growing can he 100% mechanized and the wor ld market d e m a n d for wheat is c o n s t a n t l y 
increasing, so I think t he wheat product ion a r e a will have to be increased to a r easonab le 
e x t e n t sooner or later a t t he expense of the ma ize area. Before th i s can be done, howeve r , 
the confus ion now exper ienced with regard t o wheat monocul tures mus t he c leared up . 
An increase in the sowing area would on ly be rational if t h e average yield did not 
decrease . Whea t areas will probably c o n t i n u e to increase all over the world, since 
whea t is m u c h more su i tab le for the n u t r i t i o n of the increasing popula t ion t h a n maize . 
I t wall no t t ake long to a r r ive a t the point w he re the area of b read gra in must be inc reased 
even a t the expense of l ivestock farming. 
NAGY, В.: I n m y opinion, t he re la t ive areas of w h e a t and maize p roduc t ion will not c h a n g e 
even in the long run , since maize, as a C-3 t y p e cereal wi th unbel ievable genet ic and 
biological plasticity, is our most reliable f o d d e r and indust r ia l p l an t , the p r o d u c t i o n , 
mechan iza t ion and chemiza t ion of which o f f e r great possibilities. 
POGÁCSÁS, GY.: In H u n g a r y t he two crops occupy ing the largest sowing area are maize ha r -
ves ted for grain, wi th 1.4, and wheat , w i th 1.3 million ha. 
In the stat ist ical d a t a the yield of m a i z e is shown as be ing larger than it a c t u a l l y 
is, because part of the silage maize is h a r v e s t e d as a grain c rop , a n d this grain v ie ld is 
included wi th that for the maize area sown on 31st May. 
The maize sowing area cannot be increased any more in Hungary , because t he 
best growing sites mus t he reserved for i n d u s t r i a l plants, vege tab les and other p r io r i t y 
crops. All the good land has been occupied b y maize. Wheat p roduc t ion has been con-
f ined to poorer qual i ty l and , as wheat can be grown prof i t ab ly on poorer soils where 
maize does not yield acceptable results. T h e f i f t h five-year p l a n (1976 1980) r eckons 
wi th the present sowing area, so there is n o t h i n g in the economic policy, the site condi 
t ions. or the relative p rof i t ab i l i ty of maize a n d wheat to ind ica te t h a t any s u b s t a n t i a l 
change in the sowing a reas of these two crops is to be expected. Af t e r an ou t s t and ing ly 
good maize crop or an ou ts tand ing ly high w h e a t yield the area of maize or whea t m a y 
increase or decrease by several tens of t h o u s a n d s of hectares . 
ROMÁNY, P . : Dur ing the period of the four th f i ve -yea r plan (1971—75) the sowing a r e a of 
whea t bccame fixed a t 1.3 million ha. The increase in the maize sowing area took place 
at t h e expense of o ther crops. I am of the opin ion that the w h e a t area will not change 
in t he f u t u r e either. T h e present area is necessa ry to meet t he d e m a n d s of the n a t i o n a l 
e conomy . Inasmuch as t he wheat yield a v e r a g e continues to increase, the sowing a rea 
could be proport ional ly reduced. A f u r t h e r increase in the sowing area is, h o w e v e r , 
impeded by the l imited n u m b e r of possible pre-crops. 
SZALAY, D . : T h e potent ial y ie ld ing ability of the n e w intensive win te r whea t varieties is near 
to t h e gra in product ion of maize hybrids. W h e a t is mainly c o n s u m e d as a h u m a n food-
s tu f f , t h o u g h due to i ts higher, biologically more valuable p r o t e i n content it is also 
super ior to maize as fodder . I t s ut i l isat ion va lue is also expressed by its higher wor ld 
m a r k e t price. The p roduc t ion cost is lower for whea t than for maize . The most d i f f i cu l t 
p r o b l e m facing farms at p resen t is the a u t u m n harvest ing peak . T h u s , it is not b y chance 
t h a t t he sowing area of whea t has increased in recent years ( f r o m 1.015 million ha in 
1970 to abou t 1.3 million ha in 1975). This r ende r s a fur ther increase in the jo in t sha re 
of b r e a d and fodder w h e a t s at the expense of fodder crops (maize , barley) p r o b a b l e . 
TARJÁN, R . Grea t efforts are being made to a l t e r t he nutri t ional h a b i t s in Hungary . O n e of 
the m o s t impor tant ob jec t ives is the modern iza t ion of anc ient nut r i t ional h a b i t s a n d 
the i r a d a p t a t i o n to our p resen t way of life. W e should like to achieve a decrease in the 
per c a p i t a cereal consumpt ion for the p o p u l a t i o n of Hungary , s imilar to the cond i t i ons 
in t he developed indus t r i a l countries. Cer ta in results have a l r eady been a t t a i n e d in 
c o n s u m p t i o n habits , h u t no t in shopping h a b i t s . According to o u r investigations peop le 
buy subs tan t ia l ly more cereals (bread, pas t r i e s , pas ta , etc.) t h a n t hey actually c o n s u m e . 
Consequent ly , if we consider the shopping hab i t s , the home " r e q u i r e m e n t s " in H u n g a r y 
have no t changed a g rea t deal, nor has t h e demand of the p o p u l a t i o n decreased ve ry 
m u c h . I t is possible I ha t effect ive p r o p a g a n d a , and especially changes in the o u t p u t 
of t he bak ing indust ry (or perhaps the modi f i ca t ion of price subsidies?) might succeed 
in b r ing ing shopping h a b i t s closer to c o n s u m p t i o n habits. Th i s cannot , however , be 
expec ted in the near f u t u r e , so the popu l a t i on ' s demand for w h e a t and foodstuffs m a d e 
f r o m w h e a t will hard ly change in the coming years. 
TULCZ, I . : I d o not think t h a t t he sowing area of w h e a t will be reduced in the following yea r s . 
Besides the prof i tabi l i ty of whea t p roduc t ion o ther factors also p l ay a role in m a i n t a i n -
ing i ts present level. I t is in wheat p r o d u c t i o n tha t mechaniza t ion is best solved, a n d 
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h a r v e s t i n g c a n be car r ied o u t w i th the lowest possible yield loss using the a v a i l a b l e 
means. F r o m a m a n a g e m e n t p o i n t of view it is also i m p o r t a n t t h a t wheat h a r v e s t i n g 
takes p l a c e dur ing the m o s t f avourab le pe r iod of the s u m m e r , s ince under f a v o u r a b l e 
wea ther c o n d i t i o n s the long d a y s render a h i g h e r in t ens i ty of w o r k possible, as o p p o s e d 
to the r a i n y , cold per iod o c c u r r i n g during t h e h a r v e s t i n g p e r i o d of crops r i pen ing i n 
a u t u m n . 
I e x p e c t the sowing a r e a of maize to dec rease du r ing t h e n e x t few yea r s , b u t 
wi thout a s imu l t aneous i n c r e a s e in the sowing a r e a of whea t . T h i s c a n be exp la ined b y 
the f a c t t h a t the sowing a r e a of wheat h a s genera l ly a t t a i n e d t h e uppe rmos t l i m i t 
beyond w h i c h various p r o b l e m s arise. I t is t r u e t h a t whea t is m o r e p ro f i t ab le t h a n m a i z e 
but for a g i v e n uni t area w h e a t produces a r e l a t i v e l y m o d e r a t e p r o f i t . So in my o p i n i o n 
the a r ea s re leased f rom m a i z e growing will b e u sed for c rops j u d g e d more p r o f i t a b l e 
t han w h e a t . The area of r o u g h a g e should be s u b s t a n t i a l l y i n c r e a s e d due to the p l a n n e d 
q u a n t i t a t i v e and q u a l i t a t i v e i m p r o v e m e n t of c a t t l e b reed ing . 
* 
PÁL, GY.: In H u n g a r y , as in m a n y other countries of the world, wheat is grown after wheat in 
a monocul ture over a large area , and this area is expected to grow in the future. Do y o u 
think that the lower yields and the large a n n u a l yield f luctuat ions resulting from the 
monoculture can be e l iminated by elaborating n e w cultural practices and plant protection 
techniques , or only by producing new wheat varieties? 
BALLA, L.: F a r l i n e s s , short s t r a w a n d complex r e s i s t a n c e p rov ide p r o t e c t i o n aga in s t t h e 
adverse e f f e c t s of a m o n o c u l t u r e . W i t h s h o r t - a c t i o n (1—2 y e a r s ) maize h e r b i c i d e s 
wheat m a y b e produced f o r t w o years on t h e s a m e area; in t h i s w a y the effect of t h e 
m o n o c u l t u r e can be r e d u c e d to a m i n i m u m . 
ВЕКЕ, F.: I t wi l l cer ta in ly be p o s s i b l e to lessen t h e d i s a d v a n t a g e s of A w h e a t m o n o c u l t u r e . 
Apar t f r o m t h e role of p e s t s a n d pa thogens o t h e r fac tors s u c h as t he a c c u m u l a t i o n of 
a l l e lopa th ic substances , t h e exhaus t i on of m i c r o e l e m e n t s or a s lower a c c u m u l a t i o n of 
these e l e m e n t s due to c h a n g e s in the f a u n a a n d f lora of t he soil , s t r u c t u r a l c h a n g e s in 
the soil d u e to similar c a u s e s , var ie ta l r e sponses , e tc . are all e x t r e m e l y i m p o r t a n t . I t is 
a lmost i m p o s s i b l e to p r e v e n t t h e adverse e f f e c t s of all the a b o v e f a c t o r s year by y e a r . 
A p a r t i a l m o n o c u l t u r e will p r o b a b l y be m a i n t a i n e d or m a y e v e n sp read , bu t an o v e r a l l 
m o n o c u l t u r e would be d a n g e r o u s . After some t i m e a m o n o c u l t u r e r e su l t s in a s t a g n a n t 
yield l eve l , a n d it is d e b a t a b l e whe ther it is m o r e economical t o m a i n t a i n it or to r e p l a c e 
it by a b i - or po lycu l tu re . 
BÓCZ, E . : The a r e a of wheat m o n o c u l t u r e must n o t b e increased u n t i l t h e efficient c o n t r o l of 
fungal d i s ea se s is solved. S e v e r a l years ago t h e p roduc t ion of w h e a t a f te r whea t w a s 
still m o r e or less a c c e p t a b l e . Today this o r d e r of sowing c a u s e s serious yield losses . 
My p r e v i o u s l y expressed v i e w s imply the b r e a k u p of the sowing s t r u c t u r e and t he neces -
sity of success ive cereal p r o d u c t i o n . The p r o b l e m can he p a r t l y so lved by growing o t h e r 
cereals, p a r t i c u l a r l y w i n t e r ba r l ey , ou a l a r g e r a rea in t he f u t u r e . A perfect s o l u t i o n 
can only b e a t t a ined by t h e deve lopmen t of f u r t h e r res is tant v a r i e t i e s . Trit icale m a y b e 
of c o n s i d e r a b l e help due t o t h e resistance of r y e . 
CSONTOS, M.: I n m y opinion t h e a r e a of crop p r o d u c t i o n in a m o n o c u l t u r e is not i n c r e a s i n g 
in H u n g a r y . The p rob lems it causes are n o t s o l v e d by new c u l t u r a l practices a n d p l a n t 
p ro tec t ion t echn iques ; n e w , r e s i s t a n t w h e a t v a r i e t i e s are a b s o l u t e l y necessary. 
ERDEI, P. : P r o v i d e d the a g r o t e c h n i c a l rules a re o b s e r v e d whea t c a n b e grown in t h e s a m e 
place on t w o successive o c c a s i o n s w i t h o u t a n y danger of y ie ld r educ t ion . U n d e r a r i d 
condi t ions a monocu l t u r e c a n hard ly be m a i n t a i n e d over a longer period. N e i t h e r 
cul tural p rac t i ce s , nor p l a n t p ro tec t ion , no r t h e var ie ty can so lve the problem a l o n e . 
T h e fa i lure of w h e a t in a monocu l tu re is closely connec t ed w i t h the a g r o m e t e o r o -
logical c o n d i t i o n s dur ing t h e pe r iod be tween t h e two wheat c rops , t h e microbial a c t i v i t y 
of the soil re la ted to t h i s , t h e specific b i o c h e m i s t r y of t he decompos i t ion of s t r a w , 
etc. A l t h o u g h plant p r o t e c t i o n , cu l tu ra l p r a c t i c e s (soil c u l t i v a t i o n , fer t i l izat ion, i r r i ga -
tion) a n d t h e diseases r e s i s t a n c e of the v a r i e t y m a y lengthen t o s o m e extent t he p e r i o d 
during w h i c h wheat can b e g r o w n in a m o n o c u l t u r e , they c a n n o t m a k e it p e r m a n e n t . 
KÁDÁR, A.: I n m y opinion p e r m a n e n t monocu l tu res s h o u l d be a v o i d e d , b u t I th ink t h a t w h e a t 
var ie t ies t o l e r a n t to 2 — 3 y e a r s of m o n o c u l t u r e are i m p o r t a n t , because du r ing t h i s 
j ieriod p l a n t pes ts and p a t h o g e n s can be c o n t r o l l e d . 
K i s s , A.: Yield losses result ing f r o m monocu l tu res a r e n o t likely to b e e l imina ted by t h e new 
cu l tu ra l p r a c t i c e s and p l a n t p ro tec t ion t e c h n i q u e s . Crop r o t a t i o n is ind ispensable in 
the case of w h e a t . It m a y p e r h a p s be possible to incorpora te c e r t a i n propert ies c h a r a c -
terist ic of r y e in tbc new w h e a t varieties, b u t t h i s can onlv be a t t a i n e d as the r e s u l t o l 
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l eng thy genet ic and breeding work. It may h a p p e n , however, t h a t together with these 
proper t ies m a n y other un favourab l e characters coupled with t h e m will also he incor-
pora ted in to the wheat . These could only be removed by compl ica ted genetic ( m u t a -
tional), aneuplo id breeding me thods , involving lengthy selection. Crop rota t ion appl ied 
at the app rop r i a t e t ime is a m u c h simpler m e t h o d , f rom which resul t s can be expec ted 
much sooner . 
I n m y opinion all three methods should be applied and s tud ied . Much is a t s t a k e 
the supply ing of the popu la t i on with bread — so it is wor th all our efforts. 
KOLTAY. A.: W i t h the present p l a n t growing technologies a periodical whea t monocul ture is 
unavo idab le in the fa rms a n d m u s t be reckoned wi th in the f u t u r e as well. 
The depression cause by a monocu l tu re in wheat p roduc t ion is mainly due t o 
the upse t t i ng of the nu t r i en t ba lance , the o v e r g r o w t h of certain weed species and t he 
appearance of insccts and var ious fungal diseases. 
The monocu l tu re to lerance of the wheat variet ies is highly var ied . According t o 
our inves t iga t ions there are der iva tes t ha t have shown only a m o d e r a t e depression in 
p e r m a n e n t monocul ture . 
Besides choosing the r igh t var ie ty an eff ic ient means of r educ ing the depression 
caused by a monocul ture is an adequa t e r a t e of fer t i l izat ion and a p roper nutr ient r a t i o . 
According to the results of our invest igat ions, w i thou t an immed ia t e replacement of 
nu t r i en t s the yield may be reduced to a m i n i m u m by the thi rd yea r of the monocul ture . 
On the o ther hand , with a d e q u a t e soil cul t ivat ion a n d N P K appl ica t ion and by car ry ing 
out p lant p ro tec t ion opera t ions in due t ime t he yielding abili ty of the varieties can be 
ma in ta ined . In the very dry yea r of 1975—76 the variet ies mos t to le ran t to a mono-
culture gave a 60—70 q/ha grain yield in the n i n t h year of the monocul tu re . 
KURUCZ, GY.: Growing wheat in a monocul tu re is, in my opinion, mainly jus t i f i ed under poorer 
soil condi t ions . Wi th an a d e q u a t e change of species or var ie ty the yield averages of 
cereals g rown in such soils do not substant ia l ly decrease in 2 —3 yea r s of monocu l tu re . 
Oil alkali soils a 60—65% propor t ion of cereal product ion will be unavoidable in t he 
fu tu re . I t h i n k t h a t on these areas the problems arising f rom the monocul tura l p roduc-
tion of w h e a t can be solved by the application of rat ional cul tura l pract ices ( including 
the regular burn ing of the s tubble left behind a f t e r wheats grown in a monocul ture) 
and by the deve lopment of variet ies whose yields will not decrease in the second, or 
even th i rd year . I cannot see how the adverse e f fec ts of monocul tura l product ion could 
be e l iminated by the improvemen t of plant p ro tec t ion , especially considering the f i n a n -
cial aspects . 
KÜKEDI, E. : Cereals are used as pre-crops oil more t h a n 25% of the 1.3 million ha win te r 
wheat area of H u n g a r y , but there are fa rms where this proport ion is as high as 30— 4 0 % . 
A similar s i tua t ion is found in the neighbouring countr ies , Czechoslovakia, Yugoslavia 
and R u m a n i a . In Austria a n d the German Federa l Republic t he propor t ion of cereal 
pre-crops has increased, par t i cu la r ly in the last t w e n t y years, and thrne are farms where 
wheat is grown in a monocul ture . In the dry regions of the Uni ted S t a t e s wheat produc-
tion in a monocu l tu re is also eff ic ient . According t o the results of exper imen t s at Mar ton-
vásár (carr ied ou t by Győr f fy ) growing wheat in a monocul ture involved the g rea tes t 
risk in the th i rd year, because by then the foot diseases (Cercosporella herpotrichoides 
Fron. , Fusarium spp., Helminthosporium sativum P K et В.. Ophiobolus graminis 
Sacc.) h a d assumed such serious propor t ions t h a t the yields fell, main ly due to these 
diseases, f r o m 38.8 q in 1961 to 14.9 q. Later an equil ibrium was set up , and the yield 
averages depended decisively on the weather . I n years with dry spr ings there was no t 
usually any great difference in yield between w h e a t s grown in crop ro ta t ion and those 
produced in a monocul ture ; on the other hand , in years when t he spr ing was favourab le 
to fungal diseases the yield averages declined sha rp ly . Since ne i the r weed damage nor 
harvest ing losses occurred in the exper iments , t he crop failure was most ly due to f u n g a l 
infection. In 1970, for example when the spring was favourable to funga l diseases, t h e 
yield of the va r i e ty Bezos taya 1 was 12.5 q /ha . 
The same var ie ty grown using the same cultural pract ices yielded 41.3 q / h a 
in 1971, a yea r with a dry spring. The s i tuat ion was the same in t h e f a rms . In 1970 a n d 
1975, when t he spring was ra iny , fungi caused serious damage , especially to whea t s 
sown af te r cereal pre-crops. In 1976, on the o ther hand , when an u n u s u a l drought occur-
red in t he spring, an unexpec ted ly high yield was harves ted , main ly due to the absence 
of funga l infect ion. 
Yield f luc tua t ions canno t be prevented s imply by the use of res is tant var ie t ies . 
Ill the nea r f u t u r e breeders are not likely to p roduce a variety res is tant to all the m a j o r 
fungal diseases occurring in H u n g a r y . To develop a variety t o l é ran t s to Ophiobulus 
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graminis Sacc. will be a pa r t i cu la r ly d i f f icul t under tak ing . At the same t ime , whea t s 
r e s i s t an t to Cercosporella herpolrichoides F ron . , and even to Fusarium spp., a re a l ready 
at our disposal. Strong roo t ed variet ies genera l ly tolerates be ing grown in a monocu l tu re 
and regenera te well. B e z o s t a y a 1, Avro ra a n d their der ivat ives , on the other h a n d , are 
p a r t i c u l a r l y susceptible to foot diseases. 
Besides growing res i s tan t var ie t ies , great assistance is offered by the proper 
cu l tu ra l practices, i nc lud ing plant p ro tec t ion . Ext remely carefu l soil p repara t ion , opti-
m u m sowing time, ba l anced N P K nu t r i t i on , etc. deprive the pathogens of the condi-
t ions necessary for ep idemics . 
This method of p ro tec t ion is not . however , sufficient to main ta in the yield level 
in var ie t ies susceptible to diseases. F o r t u n a t e l y , there are a l ready licensed fungicides 
su i tab le for controlling f u n g a l pa thogens . According to the experiences gained a t home 
a n d a b r o a d , in years w h e n the spring is no t t o o rainy any of the following fungicides 
can be successfully used against Erysiphe graminis: A f u g a n . Bayleton, F u n d a z o l or 
B e n o m y l . Persulon and Saprol . These fungic ides provide sa t i s fac tory p ro tec t ion when 
s p r a y e d on two occasions (at stages G and M). Fundazo l (Benomyl). Derosal and 
Cercobin M are eff ic ient fungicides aga ins t Cercosporella herpotrichoides. Infec t ion 
of sp ikes by Fusarium a n d powdery mi ldew, and the spike diseases of wheat in general, 
can also he controlled a t s tage N with F u n d a z o l and Til t . In exper iments pe r fo rmed at 
M a r t o n v á s á r the yield of whea t was increased by 7—9% compared to the u n t r e a t e d 
cont ro l by using the l a t t e r fungicides. 
On the basis of t he exper imenta l resu l t s and pract ical experience ob ta ined so far , 
it can be established t h a t cereal pre-crops or wheat sown a f t e r wheat do not cause 
yield losses for one y e a r if agrotechnical discipline and t he instruct ions for growing 
whea t a f t e r a cereal pre-crop (change of va r ie ty , use of var i t ies tolerant to a mono-
cu l tu re , thorough soil cu l t iva t ion , not too early and not too dense sowing, ba lanced 
N P K nut r i t ion , chemical weed control, e tc . ) are strictly observed . I f i n addi t ion to this 
increased care is t a k e n to prevent d a m a g e caused by funga l and animal pes ts , yield 
dev ia t ions can be grea t ly reduced. The r isk involved in growing wheat in a monocu l tu re 
is, however , greater , be ing more closely re la ted to the w e a t h e r and fungal infect ion. 
It is possible to control pests and a monocu l t u r e can be successful, bu t in yea r s with 
r a iny spr ings the economic efficiency m a y be questionable owing to the increased costs 
of p l an t protect ion. 
LÁNG. G.: A wheat monocul ture in the strict sense of the word has not developed in H u n g a r y . 
Growing wheat af ter w h e a t on a single occasion does not general ly result in any reduc-
t ion of yield; on the c o n t r a r y , larger yields are of ten ob ta ined t h a n when whea t is sown 
a f t e r maize. With the p resen t crop ra t ios t he r e is no need to increase the risk by growing 
w h e a t successively in a monocul ture . I n cases where t h e f a r m is compelled to sow 
whea t in the third successive year in t he same field, the res is tance of the va r i e ty as well 
as p l an t protection a s s u m e increased i m p o r t a n c e . 
LELLEY. J . : I have pointed o u t on several occasions tha t the causes of the yield-reducing effect 
of g rowing wheat in a monocul ture ough t to be examined more systematical ly a n d effi-
c ient ly , as it is a highly i m p o r t a n t ques t ion which must be set t led very shor t ly , other-
wise t he total volume of p lan t food p r o d u c e d in the world will hardly be enough to 
sus t a in the human race wi th in a couple of decades. 
If the yield-reducing effect of t h e monocul ture were pr imari ly a pa thologica l 
ques t ion , it could be solved by breeding. However , in m y opinion it is a m u c h more 
complex problem. We k n o w hardly a n y t h i n g about the inh ib i to ry effect of s tubble on 
ge rmina t ion , and the impor t ance of the t r ace elements has no t been clarified either. 
Nor has the quest ion of whe ther deep or shal low cul t ivat ion can bet ter compensa te the 
h a r m f u l effect of the monocul tu re been s tud ied in sufficient detail . Pract ical ly noth ing 
is k n o w n about the monocu l tu re to lerance of different cul t ivars . 
I t would be des i rable to make special efforts — b o t h f inancial and intel lectual 
to ana lyse this p rob l em and clear up all i ts details. If only a f rac t ion of the energy spent 
on fer t i l izat ion e x p e r i m e n t s were concen t r a t ed on this p rob lem, we would be much 
closer to a solution. Monocul ture to lerance is an impor tan t t a sk for breeders and ought 
to he thoroughly s tud ied by a team specialized for this purpose . 
The question of growing wheat in a monocul ture o u g h t to be ranked with the 
m o s t impor t an t r e sea rch tasks. Total ly new possibilities would be offered for wheat 
p r o d u c t i o n if this so-far neglected field were explored, and an answer given to the ques-
t ion of whether whea t can be sown a f t e r whea t for years w i t h o u t any decrease in yield. 
MANNINGER. G. A.: Whea t does no t readily t o l e ra t e being grown in a monocul ture , especially 
near t he borders of H u n g a r y . According to the results of glass- and ne t - t rap invest iga-
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t ions t he unfavourab le consequences of a monocu l tu re a l ready appear in the f i r s t few 
years . Of the pests which cause damage to w h e a t , Zabrus tenebrioides and Silodiplozis 
mosellanu par t icular ly f a v o u r the monocu l tu re . The variety h a s l i t t le influence o n t he 
ex ten t of damage caused by these pets. A n o t h e r interesting t h i n g is that the d a m a g e 
caused by corn bugs is qu i t e independent of whe ther the crops are grown in r o t a t i o n 
or in a monocu l tu re . In th i s case there may be , and usually are , differences in suscept i -
bility b e t w e e n the varieties. However, a h igher proport ion of d a m a g e only occurs eve ry 
th i r ty yea r s or so. 
NAGY, В.: I h a v e long been convinced that wi th t h e wheat var ie t ies grown at p r e sen t t he 
monocu l tu re of wheat is unreal izable, p r i m a r i l y for epidemiological and p r o d u c t i o n 
hygiene reasons . 
No suitable methods or chemicals are ava i lab le for soil dis infect ion. It is t h e r e f o r e 
necessary to solve the p roduc t ion of wheat b y some kind of sh i f t cultivation m e t h o d 
unti l whea t varieties wi th the highest possible resistance to soil fungi are p r o d u c e d 
by the breeders . The pre-crop must na tu ra l ly be adapted to t h e local condit ions a n d 
product ion s t ruc ture , b u t g r ea t care must be t a k e n tha t the decompost ion t ime of t h e 
herbicides applied for chemical weed control should be shor te r t han the v e g e t a t i v e 
period of t he pre-crop. 
I'ETRÓCZI, I.: I n my opinion, whea t need not and will not be grown in a monoculture for m o r e 
than 2—3 successive years . W i t h proper cu l tu ra l practices and up - to -da te plant p r o t e c -
tion technology, yield f l uc tua t ions can be p r e v e n t e d . Plant p ro t ec t i on inputs for w h e a t 
are low at present compared to other crops. T h e new seed dress ing technologies do n o t 
subs tan t ia l ly increase the costs, so the economic efficiency of wheat growing will 
remain high. 
POGÁCSÁS, GY.: In Hungary w h e a t cannot be successful ly grown in a monoculture. F a r m s 
might occasionally lie compelled to sow w h e a t a f te r wheat on a small percentage of 
their sowing area; with p roper cultural p rac t ices , change of v a r i e t y and chemical t r e a t -
ments th i s can he safely done wi thout a loss in yield. On a m a l g a m a t i n g fields I f o u n d 
that in those pa r t s where w h e a t was grown for 3 years its yield fell drastically in sp i te 
of careful cu l tura l pract ices . Growing whea t fo r three years o n t he same plot is n o t 
advisable , nor is it necessary in Hungary. 
ROMÁNY, P.: I n H u n g a r y wheat is hardly grown in monocul ture in prac t ice , since growing in 
two successive years — main ly after papi l ionaceous pre-crops — cannot be cal led 
a monocu l tu re . A monocul ture has many adve r se consequences wh ich should be a v o i d e d 
at all costs. I n my opinion t he adverse effect of growing wheat in a monoculture c a n n o t 
be complete ly prevented e i ther by in t roducing new varieties or by using expens ive 
p lant p ro tec t ion methods. T h e plant growing s t ruc tu re in H u n g a r y and the f u l f i l m e n t 
of the r equ i r emen t s of the na t iona l economy do not make it necessary to grow w h e a t 
in a monocu l tu re on large areas . It is thus i m p o r t a n t to es tabl ish conditions of f a r m 
m a n a g e m e n t and mechaniza t ion which will he lp to prevent t h e enforced app l i ca t ion 
of a monocu l tu r e . 
ROSTA, К . : In m y opinion, the danger s arising f r o m growing wheat ill a monocul ture are 
likely to a p p e a r within 3- 4 years . Even us ing the most c a r e fu l cultural p rac t i ces , 
pa thogens , pes ts , and weeds res is tant to he rb ic ides may occur. These factors m a y cause 
a reduc t ion or f luc tua t ion in t he yield. More i n t ens ive disease con t ro l , however, increases 
the p roduc t ion costs. 
In discussing the p rob lem one must also t a k e it in to considera t ion that in H u n -
gary the t ime between ha rves t ing one whea t c rop and sowing t he next is r e l a t ive ly 
short, a n d is insufficient for t he decomposit ion of s tubble and roo t s and the p r e p a r a t i o n 
of the r equ i r ed seed-bed. 
I t h ink t h a t these diff icul t ies of m o n o c u l t u r e product ion can be decreased by 
improving cul tura l pract ices , applying t ip - to -da te plant p ro tec t ion techniques a n d 
developing readi ly a d a p t a b l e variet ies r e s i s t an t to disease. However , considering t he 
Hungar i an condit ions, I do no t think it p r a c t i c a b l e to grow whea t for more t h a n 2 3 
successive years . 
SARKADI. J . BALLA, H.: The f i r s t th ing to decide is whether the y ie ld of wheats g rown in 
a monocu l tu re is really a lways lower than t h e w h e a t yields p roduced in crop r o t a t i o n , 
and whe the r th is reduction in yield is a necessary consequence of monocul ture . 
I t is a well known fac t tha t the u n f a v o u r a b l e effects of growing whea t in a 
monocul tu re are due to an insuff ic ient nu t r i en t supply, prevalence of weeds and f u n g a l 
diseases a n d mass occurrence of certain soi l -borne pathogens, nematodes and insec t s . 
At t he present level of crop product ion in Hungary there can be no p r o b l e m in 
providing an adequate n u t r i e n t supply. T h e r e are numerous l i t e ra ry data on lottg-
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term e x p e r i m e n t s which p r o v e that with t h e right method of nut r i t ion whea t s h a v e 
been successfully grown in a monoculture for several decades. I n t he classical l ong - t e rm 
expe r imen t a t Rolha ins ted the yield of w h e a t well supplied w i t h nut r ients d id no t 
decrease fo r 60 years (1852 1911), while in t h e unfertilized p lo t s , or where t he fert i l i -
zation w a s one-sided the y ie ld was reduced b y 30% compared t o the first yea r of the 
expe r imen t . However, in t h e subsequent 20 y e a r s pests and pa thogens appea red a n d 
cut the yie lds down sharp ly . The yield level r ema ined similarly cons tan t at the exper i -
menta l s i tes of the Woos tc r University, Ohio , and of Columbia University, in w h e a t 
monocu l t u r e exper iments carr ied on over 30 a n d 40 years, respect ively. 
F r o m the partial r e su l t s of our own long- t e rm nutr i t ion exper iments we too h a v e 
come to t he conclusion t h a t t he yield of w h e a t grown in a t e m p o r a r y monocul ture does 
not necessar i ly dccrcase. W e carried out e x p e r i m e n t s over 8 yea r s , f rom 1962 to 1969. 
at th ree s i tes: at Pes th idegkú t on a slightly ac id loamy brown fores t soil; at N a g y k á l l ó . 
on a s l ight ly acid sandy b r o w n forest soil; a n d a t Nagyhörcsög, o n a lime-coated cherno-
zcm. I n these exper iments we were able to m a k e a comparison between the y ie lds of 
wheats g rown in a two-yea r rotat ion of m a i z e and wheat , a n d of those g rown in a 
monocu l tu re . The wheat var ie t ies examined were Bezostaya 1 a n d 4. The succession 
of p lan t s was such tha t t h e yields given in t h e 3rd and 7th y e a r s of the w h e a t mono-
culture could be compared w i t h those o b t a i n e d f rom wheat g r o w n af ter maize ( M v 40). 
At P e s t h i d e g k ú t and Nagyhörcsög , where t h e soil was successfully kept free of weeds 
and t he p l a n t s tand was h e a l t h y , the yield of wheat was not lower in a m o n o c u l t u r e 
than in c rop rotat ion, a n d d id not decrease w i t h t ime. At Nagyká l ló . on the o the r h a n d , 
the soil of wheat sown in a monoculture b e c a m e overgrown b y weeds, and for this 
reason, in crop rotat ion t he yield was more t h a n 10 q/ha higher t h a n in the monocu l tu re . 
Weed g r o w t h led thus t o y ie ld reduction in l a t e r years. 
Besides these three s i tes the effect of a four-year w h e a t monoculture (1965 — 
1969) w a s studied in 4 expe r imen t s at M a r t o n v á s á r with the v a r i e t y Bezos taya 1. In 
these exper imen t s as in t h o s e a t Pes th idegkú t and Nagykálló, t h e wheat y ie lds were 
s teady, a p a r t from the a n n u a l f luctuat ions . 
I n our opinion t h e mos t serious p r o b l e m s in a w h e a t monocul ture a re thus 
caused b y weeds, and by vege ta l and a n i m a l pests . These can be controlled b y up- to -
date m e t h o d s of plant p ro tec t ion and with t h e correct cu l tu ra l pract ices. I t is a n o t h e r 
m a t t e r t h a t chemical p l a n t protection is sti l l r a t h e r expensive, so t h a t the wider in t ro-
duct ion of a wheat m o n o c u l t u r e would r e q u i r e the reduct ion of p lant pro tec t ion costs 
and t he use of varieties m o r e resistant to d isease . 
SZALAY, D.: W h e a t sown af te r w h e a t is unavoidab le in most H u n g a r i a n farms. The adverse 
effects of a temporary ( two or three year) monocu l tu re can be prevented p r imar i l y by 
agrotechnical and p lan t p ro tec t ion measures . Differences b e t w e e n the wheat var ie t ies 
in the i r tolerance to a monocul ture , however , make it necessary to carry ou t inves t i -
gat ions in this respect. T h e cultivation of var ie t ies to lerant t o a monocu l tu re m a y 
f u r t h e r decrease the h a r m f u l effects. 
TULCZ. I.: T h e area of wheat monocul tu re in H u n g a r y is not likely to increase in t h e near 
fu tu re . T h e well managed f a r m s are t e n d i n g to reduce t he a rea of wheat g r o w n in 
a monocu l tu re . High y ie ld ing early maize var ie t i es can be r eckoned with as pre-crops 
for m e d i u m early wheat . Sunflower has also become a pre-crop for wheat since defoli-
ation h a s been included in product ion t echno logy . In this way t h e sunflower is r e m o v e d 
earlier, a n d the stalk r e m n a n t s can be c h o p p e d up much m o r e efficiently. W i t h this 
technology — as proved b y the first few y e a r s — good whea t yields can he o b t a i n e d 
af ter sunf lower . With a change in the sowing t i m e essential i m p r o v e m e n t s have recen t ly 
beeri observed in the monocul tures . N a m e l y , wheat grown a f t e r a wheat c rop sown 
in the second half of Oc tobe r was not a f f e c t e d by various f u n g a l diseases as seriously 
as t h a t sown at the end of September, or t h e beginning of Oc tobe r in prev ious years . 
This suggests tha t eff ic ient solutions concern ing wheat p roduc t i on in a m o n o c u l t u r e 
can also be found in the f ie ld of cultural p rac t ices . 
Differences be tween t h e varieties in to le rance to a monocu l tu re have b e e n demon-
s t r a t ed in practice. 
I t h ink tha t in e l imina t ing yield r educ t i ons caused b y t he monocul ture p lan t 
p ro tec t ion plays an i m p o r t a n t role, which will increase still m o r e in the coming years, 
p rov ided the aerial c apac i t y available for p l a n t protection increases. 
All in all, the a rea of wheat m o n o c u l t u r e should be decreased, and on those 
areas w h e r e a monocu l tu re is maintained every effort should be made to r e d u c e its 
h a r m f u l effects as m u c h as possible. 
* 
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1. How it all began 
I n 1694 Camerar ius discovered t h e n a t u r e of sexual propagat ion in t h e p l an t k ingdom. 
The f i r s t spon taneous hyb r id was described by Mather in 1716 on maize and t h e f i rs t artificial 
hybr id was produced b y Fairchihl in 1717 on carnat ion. Koel reu ter . however , who published 
a pape r ent i t led " P r e l i m i n a r y report of some exper iments and observat ions concerning sex 
in p l a n t s " on Sep tember 1st 1761, is r i gh t fu l l y regarded as h a v i n g carried out t h e f i r s t scientific 
and prac t ica l research on hybrids. This p a p e r was followed in 1763, 1764 a n d 1766 by th ree 
more papers on the s a m e subject , in w h i c h Koelreuter summar i sed the resu l t s of 136 p lan t 
hybr id i sa t ion expe r imen t s (ROBERTS 1965). 
Koelreuter m a d e minu te , sys temat ic notes on the t r a i t s and proper t ies of the pa ren t 
p l a n t s and on the dev ia t ions observed in the i r hybrids . I n numerous crosses he noticed a 
h y b r i d effect which s ignif icant ly exceeded t h e vi ta l i ty of t h e pa ren t s and wh ich was inversely 
p ropor t iona l to the degree of re la t ionship be tween the p a r e n t s in the cross. And since the 
morpho logy of the f lowers and the way in which the p l an t s are pollinated a n d fert i l ised gives 
evidence t h a t na tu re f a v o u r s cross po l l ina t ion and fer t i l i sa t ion. Koelreuter c a m e to the con-
clusion t h a t the hybr id effect is of p a r t i c u l a r impor tance in evolution. 
B o t h of Koe l reu te r ' s observations s tood the test of t ime , and the evo lu t iona ry signifi-
cance of t he diversi ty of organisms was conf i rmed and provided with a theore t i ca l basis by 
control exper iments , t h e mos t convincing of which were Darwin ' s epoch-making exper iments 
on p l a n t hybr id isa t ion . 
Hav ing made a t ho rough s tudy of t h e knowledge ga ined by earlier inves t iga to rs of the 
organic world, and h a v i n g compared this know ledge with t he results of his ow n comprehens ive 
p l a n t exper iments , DARWIN (1895) wro te his th i rd m o n u m e n t a l work " T h e ef fec ts of cross 
and self fert i l isat ion in t h e vegetable k i n g d o m " , the f irs t edi t ion of which was published in 
1876. I n set t ing u p his exper iments he concen t r a t ed on p l a n t s ra ther t h a n an imals , since it 
was possible to raise la rge populat ions of p l a n t s and to inves t iga te the effect of b o t h self and 
cross poll inat ion. On ana lys ing the reasons for his f inal conclusion tha t "cross-fer t i l isa t ion is 
general ly beneficial and self-fertilisation i n j u r i o u s " , Darwin s ta tes that in t he case of pollina-
t ion be tween plants which are not nearly r e l a t e d the sexual e lements developed u n d e r dif ferent 
e n v i r o n m e n t s are u n i t e d dur ing fer t i l i sa t ion, while the un favourab l e effect of inbreeding is 
due t o t he lack of d i f fe ren t ia t ion between t h e sexual e lements of flowers on t h e saine p lant . 
T h e experience gained by plant b reeders over the centur ies shows t h a t by means of 
hybr id i sa t ion a union be tween the f a v o u r a b l e charac ters of t h e parenta l p a r t n e r s t ak ing par t 
in t h e cross can be ach ieved in the progeny in a single new var ie ty , genetic va r iab i l i ty can he 
developed, and heterosis or hybrid vigour c a n be utilised. 
* Inaugura l l ec ture , delivered on March 1st 1977 as corresponding m e m b e r of the Hun-
gar ian Academy of Sciences, elected a t t he General Assembly in May 1976. 
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2. The zenith with illustrations 
Of all cu l t iva ted p l an t s , tha t on which the most in tens ive breeding has been carried 
ou t is whea t . According t o VAVILOV (1935), whea t registers t he cur ren t s ta te of p l a n t breeding 
t heo ry , i.e. p lant genet ics , since numerous chap t e r s of p lan t genet ics have li terally been "wr i t -
t e n " on wheat . If Vavi lov is r ight , whea t b reed ing is the t o u c h s t o n e of genetics, since genetic 
theories can only be r e g a r d e d as correct if t h e y serve as t he scient i f ic basis for successful var ie ty 
p roduc t ion . The crea t ive work of three researchers , L u k y a n e n k o . Borlaug and Remeslo , who 
represen t the zenith of m o d e r n wheat breeding, and whose w in t e r and spring w h e a t varieties 
are cur ren t ly cu l t iva ted on the largest a reas all over t he wor ld , lends itself as an i l lustration 
of this . 
a) As he wrote in 1966, Lukyanenko based his b reed ing on the Michur in theory of 
intraspecif ic crosses b e t w e e n geographically and ecologically r e m o t e forms and on t he method 
of repea tedly crossing y o u n g hybrid var ie t ies wi th other , es tabl i shed varieties. The hybr ids 
produced f rom geographica l ly and ecologically remote f o r m s are more viable, more plastic 
and have a wide genet ic basis (LUKYANENKO 1966). 
b) The raising a n d tes t ing of two genera t ions of t h e fu l l breeding ma te r i a l each year 
in complete ly different sur roundings , which was pioneered on a world scale by Bor laug and his 
co-workers, has made a f u n d a m e n t a l con t r ibu t ion to t he success of the Mexican CIMMYT 
p r o g r a m m e . This rais ing a n d test ing p r o g r a m m e covers t he whole of the breeding stock, f rom 
the younges t , segregat ing hybr id progeny to provisional var ie t ies . One genera t ion is sown in 
t he a u t u m n , generally in September , in t h e no r th , in Sonora province, which borders on the 
USA, a t a l a t i tude of 28°, near the sea, a few met res above sea level. Seed selected as required 
f r o m this first genera t ion is sown as the second generat ion in t h e middle of May near Toluca. 
not f a r f rom the capi ta l , a t a la t i tude of 18°, abou t 1200 k m s o u t h of Sonora b y air and 2800 
me t r e s above sea level. T h e breeding s tock is t hus t r a n s p o r t e d to and fro be tween Sonora 
a n d Toluca each year . Meanwhile, the rais ing and tes t ing of t w o generat ions a year in two 
comple te ly different e n v i r o n m e n t s residts in t he p roduc t ion of spring wheat var ie t ies with 
very broad adap tab i l i t y a n d practically n e u t r a l to dav leng th a n d sowing t ime, whi le the breed-
ing process is also speeded u p (BORLAUG 1968). 
c) In Remeslo 's p rog ramme at Mironovka the pr inc ipa l me thod by which initial stock 
is produced is a u t u m n i s a t i o n , the repea ted sowing of spr ing w h e a t s at in te rva ls dur ing the 
a u t u m n . Winter or sp r ing hab i t is a he red i t a ry charac ter in a number of Gramineae, including 
whea t , and the he red i ty is a t t r i bu t ed to 1, 2, 3 or more genes. Dur ing a u t u m n i s a t i o n a spring 
wheat form, which does n o t require a t e m p e r a t u r e near the f reezing point and shor ten ing day-
length in order to f lower , is sown in t h e a u t u m n for consecut ive generat ions, whereby its 
genetic const i tu t ion is changed to such an ex ten t t h a t exposu re to a t e m p e r a t u r e near the 
f reezing point and sho r t en ing daylength become necessary if f lower ing is to be induced . A gene-
tically de te rmined spr ing charac te r is t h u s changed so as t o t r a n s m i t the acquired w inter char-
a c t e r (LYSENKO 1 9 5 8 ) . 
The basis fo r Remes lo ' s bes t -known and mos t widely cul t iva ted winter whea t , Miro-
novskaya 808. was t h e au tumni sa t ion of A r t e m o v k a spr ing whea t , begun in 1950. I n 1963, 
t h e year it was s ta te qua l i f ied , it was sown on 72,000 ha, whi le in 1967 the sowing area was 
a l ready 6.2 million h a . T h e latest Mironovka varieties, J u b i l e i n a y a 50, I l i chevka , etc.. are 
pa r t l y of hybr id origin, h u t one of the p a r t n e r s in the cross is a n autumnised w h e a t (REMESLO 
1972). 
d) What the i l lus t ra t ions teach us 
d t . In t raspec i f ic hybr id isa t ion combined with select ion offers an i n c o m p a r a b l y wider 
range of possibilities t o t h e wheat breeder even today t h a n a n y other me thod , so it can jus t ly 
be regarded as the m o s t eff icient wheat b reed ing method y e t discovered. 
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d2. The ra i s ing of breeding s tock under diverse condi t ions is an effect ive me thod for 
developing a d a p t a t i o n and vi tal i ty. 
d3. The wor ld -wide success of t h e Mironovka w i n t e r whea t breeding programme, based 
on au tumnisa t ion , a n d in par t icular of Mironovskaya 808. which w as selected f rom an a u t u m n -
ised wheat popu la t ion and is cu l t iva ted over many mil l ions of hectares, has caused MAKSIM-
CHUK (1963) to r e g a r d au tumnisa t ion as a breeding m e t h o d which can vie w i t h hybr id isa t ion . 
3. Wheat research at Martonvásár 
a) When c o m b i n e harvest ing became more and m o r e general in H u n g a r i a n agr icu l tu re 
in t he middle of t he c e n t u r y , the def ic iency in the s t i f fnes s of straw in t he Bánkú t i w h e a t s 
b e c a m e more and m o r e conspicuous a n d obstructed t h e intensive deve lopmen t of w h e a t 
p roduc t ion by m a k i n g no t only combine harvest ing, b u t also up- to-date ar t i f ic ia l fer t i l isat ion 
a l m o s t impossible. S ince no intensive w h e a t varieties were avai lable f rom H u n g a r i a n breeders , 
we inst igated the t e s t i n g in Hungary of foreign intensive w h e a t varieties as a t e m p o r a r y mea-
sure un t i l suitable va r i e t i e s should be produced in H u n g a r y . The foreign w h e a t varieties, espe-
cially Bezostaya, b r ed a t Krasnodar , t o which I drew the a t t e n t i o n of the agr icu l tura l admin-
i s t r a t ion in my r e p o r t on a study t r ip to Southern Ukra ine a n d Kuban in 1954, made a f u n d a -
m e n t a l cont r ibu t ion t o the doubling of t he Hungar ian w h e a t yields by t he beginning of the 
n ine teen seventies. T h i s was the subjec t of a pamphlet I was requested to wr i te in 1960. which 
bore the tit le " H o w c a n we double our whea t y ie lds?" (RAJKI 1960). At t h a t t ime I was accused 
b y more t han one col league, and also in official places, of hav ing in t roduced into the tit le of 
t he p a m p h l e t an aim t h a t was irresponsible, illusory a n d r idiculous . . . W h a t a good job m y 
opponen t s were not p roved r ight! And as usually happens , w h e n Hungar ian agr icul ture achiev-
ed th i s " i r responsible , illusory and r id icu lous" aim, l i t t le more than ten years later , most of 
m y opponents took all t h e credit for themselves . C'est la v ie ! 
The in t roduc t ion of Bezostaya no t only resulted in a doubling of the H u n g a r i a n whea t 
yields, bu t also g r a n t e d a breathing space for the e s t ab l i shmen t and deve lopment of intensive 
w h e a t breeding at M a r t o n v á s á r , the f i r s t resul ts of which appeared at the end of the sixties. 
b) In the M a r t o n v á s á r winter w h e a t breeding p r o g r a m m e , which s t a r t e d f rom scratch, 
t he f i r s t crosses were car r ied out by m y wife and ine in t h e l a t e spring of 1956. Following in 
t he foo ts teps of László Baross , who used the au tumni sa t i on of the Canadian wheat Marquis 
in the breeding of the wor ld famous B á n k ú t i wheats, our p r i m a r y aim was to produce a win te r 
w h e a t which would excel t he s tandard B á n k ú t i 1201. The fol lowing anecdote m a y serve to give 
s o m e idea of the e n o r m i t y of the task which faced us. At t h e end of the f i f t ies , not long a f t e r 
m y fami ly and I had m o v e d into the smal l manor house, a b u s t of László Baross , which the 
scu lp tor had set up in t h e park with its hack towards our f l a t , was unveiled. On this occasion 
an elderly wheat b reeder jokingly r emarked t h a t the Ka jk i ' s would not produce a be t te r whea t 
t h a n the s t andard , B á n k ú t i , unti l Baross 's bus t turned to f a c e the small m a n o r house. 
By 1957 our p r e s e n t aim had crystal l ised: to p roduce a good qua l i ty , winter ha rdy , 
d rough t resistant w i n t e r whea t , responsive to intensive cond i t ions , sui table for mechanical 
ha rves t i ng , resis tant t o disease and wi th high yielding ab i l i ty . 
A t Mar tonvásár , as elsewhere, t he m a i n method for p roduc ing basic breeding stock is 
in t raspec i f ic hybr id i sa t ion , hut the m e t h o d s also include a u t u m n i s a t i o n , while remote hybr i -
d isa t ion and muta t ion a r e used in a paral le l programme. A p a r t f rom, and to a cer ta in ex ten t 
ins tead of the earlier s imple crosses, m o r e and more compl ica ted crosses are carr ied out , in 
w hich phy to t ron t e c h n i q u e s are used. Thus , hybridisat ion p r o g r a m m e s take a b o u t half the t ime 
requ i red under field cond i t ions . Nota bene! In the p h y t o t r o n f ros t hardiness is also tes ted all 
yea r r o u n d . The selection system is based on pedigree b reed ing and , in order to increase t he 
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e f f i c i ency , t h e t r e a t m e n t of t h e b r eed ing s tock is m e c h a n i s e d as f a r as the t echn ica l e q u i p m e n t 
ava i l ab le a l lows. 
In each y e a r of t h e seven t ies a M a r t o n v á s á r w i n t e r w h e a t v a r i e t y has been g i v e n s ta te 
q u a l i f i c a t i o n (Mv 1, Mv 2. M v 3. Mv 4, Mv 5, M v 6). The economic va lue of t he se v a r i e t i e s is 
s t ead i ly i m p r o v i n g . I n n a t i o n a l v a r i e t y t r ia l s o v e r t h e last s even yea r s , the y i e lds g iven by 
M a r t o n v á s á r w h e a t s in 1970, 1971 and 1972 were a p p r o x i m a t e l y e q u a l to t ha t of t h e s t a n d a r d , 
a n d fo re ign or o t h e r n o n - M a r t o n v á s á r var ie t i es were d o m i n a n t in b o t h r ipening g r o u p s . Dur ing 
t he last f ou r y e a r s of th i s seven-year p e r i o d , howeve r , in 1973, 1974, 1975 a n d 1976, the 
M a r t o n v á s á r va r i e t i e s (Mv 4, Mv 5, Mv 6) were genera l ly d o m i n a n t in bo th r i p e n i n g groups . 
And t h e p r o s p e c t s a re even more p romis ing : in t h e n e a r f u t u r e we a re hoping t h a t M a r t o n v á s á r 
va r i e t i e s will r e s t o r e t h e r e p u t a t i o n of H u n g a r i a n w h e a t , at l ea s t in the C a r p a t h i a n Basin, 
to w h a t it was in t h e d a y s of t he B á n k ú t i w h e a t s . 
c) Since 1964 h y b r i d w h e a t research b a s e d on male s ter i les a n d res torers h a s b e e n car-
ried o u t a t M a r t o n v á s á r pa ra l l e l t o t h e classical w h e a t b reed ing . T h i s developed as a n offshoot 
of t h e w h e a t f l o w e r i n g b io logy research i n i t i a t e d in t h e la te f i f t i e s (RAJKI, E . 1962), t h e res idts 
of w h i c h were u s e f u l i n b o t h h y b r i d w h e a t b r e e d i n g a n d seed p r o d u c t i o n . T h e f u n d a m e n t a l 
p r o b l e m , t h a t of e f f i c ien t f e r t i l i t y r e s t o r a t i o n , w a s solved a few y e a r s ago. The s o l u t i o n of other 
p r o b l e m s which still p r e v e n t t he prac t ica l i n t r o d u c t i o n of the m e t h o d (heterosis in s t r a w length , 
s u i t a b l e s t a n d he te ros i s ) will be t i m e c o n s u m i n g , b u t should p r o v e possible (RAJKI 1976). 
T h e r e l a t i o n s h i p b e t w e e n h y b r i d w h e a t r e s e a r c h and classical w h e a t b r eed ing a t Mar ton-
v á s á r m a y be c h a r a c t e r i s e d as a posi t ive i n t e r a c t i o n . The ma le s ter i le analogues a n d t h e res torer 
l ines a re p r o d u c e d f r o m t h e bes t cu l t ivars . B u t h y b r i d w h e a t r e s e a r c h also has a p o s i t i v e effect 
on classical w h e a t b r eed ing . T h u s , of t h e six M a r t o n v á s á r w i n t e r w h e a t va r i e t i e s w h i c h have 
so f a r rece ived s t a t e qua l i f i c a t i on , f ive o r i g i n a t e bas ica l ly f r o m B e z os t a ya 1 X F e r t o d i 293 and 
B e z o s t a y a 1 > M i r o n o v s k a y a 808 hybr id p o p u l a t i o n s . A t t e n t i o n w a s d r a w n to t h e s e p o p u l a t i o n s 
as possible in i t ia l s tock for b reed ing d u r i n g i n v e s t i g a t i o n s on t h e combin ing a b i l i t y of hybr id 
w h e a t . T h e e x p e r i m e n t a l r e s u l t s of several y e a r s showed t h a t t h e a p p r o x i m a t e l y 4 0 % grain 
yield he te ros i s obse rved in t h e F , of these c o m b i n a t i o n s c o m p a r e d t o t h e s t a n d a r d . B e z o s t a y a 1, 
w a s still s ign i f i can t in t h e F 2 (RAJKI, E . - RAJKI 1968). 
T h e m a i n role in b o t h classical and h y b r i d w h e a t b r e e d i n g is now p layed b y t h e up and 
c o m i n g g e n e r a t i o n of r e s e a r c h e r s , m o s t of w h o m , inc lud ing t h e l eade r of t h e w h e a t breeding 
t e a m , h a v e been w o r k i n g u n d e r me for f i f t e e n y e a r s or so. 
d) T h e a u t u m n i s a t i o n research ca r r i ed o u t over t he l a s t t w o decades, a s a result of 
w h i c h a n u m b e r of sp r ing w h e a t s , inc lud ing s e v e r a l of B o r l a u g ' s var ie t ies , h a v e b e e n a u t u m n -
ised in open f i e ld e x p e r i m e n t s (RAJKI 1967, 1975a, 1975b, RAJKI, E . —RAJKI 1969) , h a s been 
c o n c e n t r a t e d fo r t h e las t f ew yea r s on t h e p h y t o t r o n , wh ich w e ourselves l i t e r a l l y conceived 
a n d c o n s t r u c t e d , a n d w h i c h is t h e one p lace w h e r e e x p e r i m e n t a l condi t ions can h e r e p r o d u c e d . 
N a t u r e neve r r e p e a t s herself exac t ly , y e t t h e r ep roduc ib i l i t y of t h e e x p e r i m e n t a l cond i t i ons is 
a c r i t e r ion w i t h o u t w h i c h b io logy can neve r b e c o m e an exac t science such as p h y s i c s or chem-
i s t ry (RAJKI 1973). 
On ly a f ew f a c t o r s of t h e cr i t ical a u t u m n ef fec t c a n he s imula ted in t h e p h y t o t r o n ; 
neve r the l e s s , t h e r e su l t s ach ieved du r ing t h e p a s t four y e a r s of p h y t o t r o n e x p e r i m e n t a t i o n 
give u s g r o u n d s fo r h o p i n g t h a t t he g r a d u a l l y decreas ing t e m p e r a t u r e and l ight i n t e n s i t y , the 
s h o r t e n i n g d a y l e n g t h a n d t h e r e l a t ive i nc rea se in long w a v e l e n g t h r ad ia t ion in t h e s p e c t r u m , 
i.e. t hose a u t u m n c o n d i t i o n s wh ich a re r e p r o d u c i b l e in t he p h y t o t r o n and w h i c h a r e d iametr i -
ca l ly opposed to t h e c o r r e s p o n d i n g t e n d e n c i e s d o m i n a n t in t h e spr ing , will p r o v e t o he among 
t h e m o s t i m p o r t a n t f a c t o r s in the a u t u m n i s a t i o n process . T h e p rope r p r o g r a m m i n g of t he 
w a t e r a n d n u t r i e n t supp l ies t o t he p l an t m a t e r i a l used in t h e a u t u m n i s a t i o n e x p e r i m e n t s also 
causes no l i t t l e concern . 
W i n t e r h a b i t , as a n a d e q u a t e gene t ic v a r i a t i o n deve lop ing d u e to the e f f e c t of a changed 
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e n v i r o n m e n t , i.e. as the resu l t of a modif ica t ion in the metabol ism corresponding t o t h e envi-
r o n m e n t a l effect , and lacking in t he initial sp r ing whea t , is a case of t h e inheri tance of acquired 
charac te r s , i.e. of adequa te var iabi l i ty (RAJKI 1966, RAJKI et al. 1972). Since a n adequa te 
change corresponding to t he direct ion and d imens ions of the f a c t o r producing the change is 
b rough t a b o u t in the effect , t h e sett ing up of t h i s scientific thesis is admissable, in accordance 
with t he l aw of causality, even if some steps in t h e process are not c lear , provided t h e e n d result 
is k n o w n . 
T h e essential f ea tu re of CRICK'S (1958) c e n t r a l dogma, t h e impossibil i ty of i n f o r m a t i o n 
t rans fe r in t he opposite d i rec t ion , is per se undemons t r ab l e , bu t accord ing to the ru le s of logic 
its c o n t r a r y is to be proved. I n t he same way t h e proof of the ex i s t ence of the gene is a logical 
absu rd i ty , because according t o t he classical a n d / o r molccular gene concept this does no t only 
signify t h e genetic mater ia l ( t h e " D N A molecu le" ) bu t also expresses the specific re la t ionsh ip 
be tween hered i ty and me tabo l i sm , the body a n d i ts envi ronment , i .e. t h e impossibi l i ty of any 
a d e q u a t e t ranscr ip t ion of t h e informat ion due t o changes in t he env i ronmen t or t h e metabo-
lism. H e r e too only the c o n t r a r y can be proved . I t is for this r ea son t h a t the i r r e f u t a b l e proof 
of any a d e q u a t e genetic v a r i a t i o n , or, to q u o t e CRICK (1970), t h e real isat ion of " a n y of the 
u n k n o w n t r ans fe r s" , would " s h a k e the whole intel lectual basis of molecular b io logy" . Simi-
larly, it is only " jud ic ious" to discourse on t h e chemical p r epa ra t i on of a gene, i.e. a " D N A 
molecule" independent of changes in the e n v i r o n m e n t or the me tabo l i sm , as long as no a d e q u a t e 
var ia t ion has been i r r e fu tab ly proved. 
W i t h t h e exact r e p r o d u c t i o n possible in t h e phyto t ron , a u t u m n i s a t i o n , t h e induc t ion 
of an a d e q u a t e genetic va r i a t i on , could become a n a t t rac t ive field of research. A f t e r all, what 
does t h e induc t ion of a d e q u a t e var iabi l i ty in t h e phyto t ron u n d e r reproducible condi t ions 
s ignify? I t signifies t h a t t h e condit ions r equ i r ed for the genesis a n d development of certain 
agronomic charac ters can be de te rmined , and t h i s knowledge can be u s e d in planning a n d real-
ising the p rogrammed p roduc t i on of these a g r o n o m i c characters. 
W h a t am I th inking of h e r e ? Let us suppose t h a t we have a l r e a d y learnt how t o produce 
agronomic characters in a p r o g r a m m e d m a n n e r on our exper imen ta l p lan t , whea t . I n other 
words, as t h e result of a d e q u a t e var iabi l i ty we wou ld then be in possession of an idea l wheat 
popula t ion , the genetic f o r m a t i o n of which w o u l d not be l imi ted b y env i ronmenta l factors 
hu t at mos t by specificities charac ter i s t ic of t he species itself, and w h i c h would not be res t r ic ted 
even theore t ica l ly in the man i f e s t a t ion of i ts po t en t i a l . Thus, not o n l y would the w a y he open 
for the p r o g r a m m e d produc t ion of wheat w i t h undreamed-of p r o d u c t i v i t y , bu t also for t ha t 
of winter w h e a t with f ros t a n d winter hard iness capable of w i t h s t a n d i n g the r igours of the 
hardes t w in t e r . In a non- l imi t ing env i ronment , where the po ten t ia l c a n he freely man i f e s t ed , 
the va r i ance due to the e n v i r o n m e n t will he a t a minimum and t h e efficiency of se lect ion at 
a m a x i m u m . Even the best f a r m s will have t o be adapted to m a k e way for the e l i t e plant 
progeny, t h e super wheat , selected f rom the idea l wheat popu la t ion , h u t by t he t u r n of the 
mil lenium, when the ideal or super wheats can b e expected to a p p e a r , this a d a p t a t i o n will no 
doubt h a v e t a k e n place. 
N a t u r a l l y , much of t h i s is still h y p o t h e t i c a l , though " a l l " t h a t is needed to p r o v e it is 
for t he p r o g r a m m e d p roduc t ion , t h e genet ic o p t i m a t i o n . of at l eas t one agronomic cha rac te r 
to succeed. However , the genet ic o p t i m a t i o n of agronomic c h a r a c t e r s is hardly conceivable 
wi thou t t h e opt imat ion of t h e p l a n t raising p rocedures , so the e l a b o r a t i o n of both is regarded 
as the m a i n t a s k confront ing t he staff of our p h y t o t r o n . We hope t h a t our working hypo thes i s 
will he p roved during the n e x t 10 15 years a n d t h a t genetic o p t i m a t i o n , i.e. p r o g r a m m e d 
adecpiate var iab i l i ty , will become a real i ty. S u r e l y th i s must be t h e n o n plus ultra of a n y gene-
ticist 's d r eams . This is t he p a t h on which L á s z l ó Baross took one of t he first s teps w h e n he 
au tumni sed Marquis ill his w h e a t nursery, and w h i c h leads t o w a r d s t h e genetics of t h e thi rd 
mi l lenium. 
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I t says m u c h fo r the H u n g a r i a n Academy of Sciences that they do t he i r best to realise 
t h e ideal of f r e e d o m in scientific r e s e a r c h . "The h i s t o r y of science h e a r s witness t ha t it is 
precisely the mos t revolut ionary t h e o r i e s which give science the g r ea t e s t impetus, theor ies 
w h i c h are based on new i n t e r p r e t a t i o n s of known f ac t s , or even on t h e rev iva l of theor ies 
r e g a r d e d as ou t -o f -da t e by filling t h e m wi th new i m p o r t " , wrote ERDEY-GRŰZ (1968), t h e 
r e c e n t l y deceased p re s iden t of t he H u n g a r i a n Academy of Sciences. H e concluded: " . . .we 
m u s t be very c a r e f u l not to s u f f o c a t e new ideas wh ich devia te f rom t r a d i t i o n a l theor ies" . 
F o r this reason, if f o r no other, t h o s e w h o covertly or open ly vilify t he H u n g a r i a n Academy 
of Sciences because of the a u t u m n i s a t i o n research car r ied out at M a r t o n v á s á r , or who e x p e c t 
t h e Hungarian A c a d e m y of Sciences t o t a k e admin i s t r a t i ve steps aga ins t t h e au tumni sa t ion 
r e sea rch at M a r t o n v á s á r (EDWARDS 1968, DUBININ 1974) h a v e not ach ieved their aim, nor a r e 
t h e y likely to do so in the fu ture . T h e r e is and can be no creat ive science w i t h o u t the f r e e d o m 
t o express and d e f e n d minority op in ions . How f o r t u n a t e t h a t the fires no longer burn u n d e r 
t h e stakes at F lo rence and tha t t h e " H o l y Office" in R o m e has ceased t o func t ion! W h a t is 
m o r e , it seems t h a t i t is only a q u e s t i o n of time before t h e high ideal f o r m u l a t e d long ago in 
t h e phrase "Cogi ta t ion is poenam n e m o p a t i t u r " becomes generally va l id . 
4. Food -- the burning question of our age 
I t would be diff icul t to d i s p u t e t h e fact that in o u r changing wor ld , qui te independent 
of t h e socio-economic system, h u m a n progress depends more and m o r e o n the achievement 
of an abundance of food and on r e s e a r c h leading to th i s end. Food is t h e b u r n i n g question of 
o u r age, and not o n l y for the third w o r l d . For the p re sen t , t h a t third of t h e world in which we 
l i v e is still obliged t o pay thousands of millions of do l la rs a year for corn . 
I t is a we l l -known fact t h a t less t h a n 10% of h u m a n i t y lives in c o u n t r i e s which can n o t 
o n l y be regarded as self-supporting w i t h respect to food , b u t which also h a v e a surplus a t t he i r 
disposal . And ye t , in order to m a i n t a i n any human a c t i v i t y whatsoever t h e prime necessi ty 
is t o keep ourselves alive, and f i r s t a n d foremost th is r equ i r e s food. As long as there is a l ack 
of food anywhere in t he world, food will be the h a r d e s t currency of all f o r those fighting t h e 
sho r t age and t he s t ronges t weapon in t h e hands of t h o s e who have a su rp lus . This s i t ua t i on 
d e m a n d s tha t t h e development of agr icul ture and of agrobiological r e s ea r ch in H u n g a r y , 
a s elsewhere, should be given the h i g h e s t priority. 
Our own p o v e r t y in energy a n d industr ial r a w mater ia l s only se rves to underline t h e 
n e e d for this p r i o r i t y , since the b u i l d i n g blocks of f o o d are essentially a tmospher ic c a r b o n 
d ioxide and n i t rogen , minerals f r o m t h e soil, and w a t e r f rom prec ip i t a t ion and the g r o u n d , 
whi le the energy is provided by s u n s h i n e . All of these a r e available p l en t i fu l ly , cost-free a n d 
in excellent qua l i t y in Hungary. 
The Agr i cu l tu ra l Research I n s t i t u t e of the H u n g a r i a n Academy of Sciences, of wh ich , 
b y a special d i spensa t ion of p rov idence , I was one of t h e founders , and of which , after the f i r s t 
s ix years of its ex i s tence , I became t h e director some 22 years ago, is o p e r a t e d in this sp i r i t . 
In the i n t e r e s t s of increased efficiency the in te l lec tua l and f i n a n c i a l resources of t h e 
A c a d e m y ' s i n s t i t u t e and farm at M a r t o n v á s á r have g radua l ly been concen t r a t ed , ever since 
m y first years a t t h e inst i tute, oil bas i c and applied r e sea rch on wheat a n d maize, two of t h e 
m o s t important cu l t i va t ed plants a t b o t h a domestic a n d a world level, w i t h the emphasis o n 
specialisation a n d on reducing t he t i m e required for t h e realisation of r e sea rch results of p r a c -
t i ca l importance. 
The road on which we are t r a v e l l i n g is con t r ad i c to ry and by no m e a n s free of p rob lems , 
b u t the way in w h i c h the con t r ad i c t ions can be resolved and the p r o b l e m s overcome is b y no 
m e a n s unknown to us. And it s eems we were born t o devo te ourselves t o genetics and agro -
biology and to t h e development a n d f u t u r e of t he Academy ' s i n s t i t u t i o n at Mar tonvásá r . 
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But not even t h e most noble scientific endeavour can replace the h u m a n touch, at which 
we are continually str iving. Our many Hungarian and foreign friends represent a powerfu l 
force which is of g rea t assistance in overcoming the difficult ies and in realising our ideas . 
S. R A J K I 
Agricultural Research Ins t i tu te 
of t h e Hungarian Academy of Sciences, 
Mar tonvásár 
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J á n o s Mócsy, Member of the H u n g a r i a n Academy of Sciences, Kossu th -Pr i ze and 
Sta te -Pr ize laureate , o u t s t a n d i n g personal i ty of Hungarian a n d internat ional ve te r ina ry 
science, t h e great teacher of generat ions of ve te r inar ians , has l e f t u s forever. A life entirely 
devoted t o work, full of s t rugg les but c rowned wi th success, h a s come to an end . We have 
been be reaved of a p r o m i n e n t represen ta t ive of t he heroic era of veter inary science in this 
count ry . 
J á n o s Mócsy's l ife-work was the c u l m i n a t i o n in a process of development w h i c h s tar ted 
at the beg inn ing of this c e n t u r y with Ákos A z a r y . The discipline of "clinical v e t e r i n a r y medi-
cine", t h e n created by A z a r y , evolved t h r o u g h the con t r ibu t ions of his successors, József 
Marek a n d J á n o s Mócsy, i n to a new school of though t , the pr inc ip les of which pene t r a t ed 
ve te r inary th ink ing all over t h e world. 
J á n o s Mócsy was b o r n in Kalocsa, H u n g a r y , on the 3 0 t h November 1895. He was 
admi t ted t o t h e Veterinary H i g h School in 1913, a n d soon d i s t ingu ished himself by his ta lents 
and diligence. Although his v e t e r i n a r y t ra in ing was interrupted b y World War I, he not only 
made u p for lost time, b u t g r a d u a t e d with d i s t inc t ion in 1918. 
H e s t a r t e d his career as Assistant Professor in the Ins t i t u t e of Bacteriology, t h e n headed 
by A. Au je szky , then in 1922 he joined the I n t e r n a l Disease D e p a r t m e n t as co-worker to J . 
Marek. I n 1926 he was awarded a Rockefeller fe l lowship and spen t 10 months at t he Ve te r ina ry 
and Agr icu l tu ra l High School in Copenhagen, Denmark , and a t t h e Veterinary I n s t i t u t e in 
Hannove r , Germany . His g r ea t devotion to w o r k promoted his professional progress : he was 
appoin ted Senior Lecturer in 1927 and H o n o r a r y Lecturer in 1929. When J . M a r e k retired 
in 1935, he succeeded him as h e a d of the D e p a r t m e n t and Clinic of Internal Diseases. H e was 
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a p p o i n t e d to an ass i s tan t professorship in 1936 and to a f u l l professorship in 1940, and held t he 
p o s t of director of t h e above D e p a r t m e n t and Clinic u n t i l his re t i rement in 1961. Apart f r o m 
t h i s , dur ing the academic year 1949 —1950 he served as D e a n of the V e t e r i n a r y Faculty of t h e 
Un ive r s i ty of Agr icu l tu ra l Sciences, a n d f r o m 1954 to 1956 as Director of t h e newly independ-
e n t High School of Ve te r inary Science. 
His r e t i r emen t in 1961 surpr ised his colleagues a n d fr iends. "The p r o p e r time for re-
t i r e m e n t arrives w h e n you yourself no t i ce a decline in y o u r s t rength and n o t when everybody 
b u t you notices i t . " His words re f lec t a deep sense of responsibil i ty, s a g a c i t y and s t r eng th 
of charac te r . A new sphere of ac t iv i ty awai ted him on his re t i rement f r o m higher educat ion: 
fo r six years he ac ted as the Head of t h e D e p a r t m e n t of Agricul tura l Sciences of the Hungar i an 
A c a d e m y of Sciences. 
János Mócsy, t h e great v e t e r i n a r y scientist and t e a c h e r also d i s t inguished himself b y 
o u t s t a n d i n g personal quali t ies. He was m a d e a member of t h e Hungar ian A c a d e m y of Sciences 
35 yea r s ago, and was head of the A c a d e m y ' s Agr icul tura l Science D e p a r t m e n t for a per iod 
of six years. Among his many mer i t s as a scientist t h e grea tes t was p e r h a p s to develop his 
n e w outlook on v e t e r i n a r y medicine i n to an independent school of t h o u g h t , often referred 
t o as the "Marek M ó c s y " school. Ä. A z a r y ' s pioneer e f f o r t s towards the c r e a t i o n of the discip-
l ine of "clinical v e t e r i n a r y medicine" a t t h e turn of t he c e n t u r y were f u r t h e r e d by J . Marek 's 
con t r ibu t ions to v e t e r i n a r y clinical d iagnos t ics , while J á n o s Mócsy crowned t h e s e achievements 
w i t h a scientifically f o u n d e d approach t o disease p rob lems , advocating t h e m a x i m u m utiliza-
t i o n of the in te rac t ions between p rac t i c e and research. 
It is beyond t h e scope of th i s o b i t u a r y to list all h is contr ibut ions t o the progress of 
v e t e r i n a r y science, s ince he did i m p o r t a n t work in p rac t i ca l ly all fields. T h u s only Mócsy's 
p r inc ipa l achievements are referred t o here in brief. V e t e r i n a r y diagnost ics profi ted grea t ly 
f r o m the detection of t h e place of or ig in of the vesicular respira tory sound b y János Mócsy. 
H e demons t ra ted t h a t post- inoculat ion paralysis occur r ing after v a c c i n a t i o n against rab ies 
was unre la ted to t h e causal agent , b e i n g due essentially t o a focal l y m p h o c y t i c encephalo-
myel i t i s ; there is no infect ive agent in t h e nervous sys tem. H e showed t h a t infect ious anaemia 
is t rans fe rab le f r o m one animal to a n o t h e r not only w i t h whole blood a n d f i l t e r ed serum, b u t 
also wi th the s e rum a lbumin and g lobu l in fractions. H e concluded t h a t t h e virus was n o t 
a l iving organism, b u t only a "pa tho log i ca l metabolic p r o d u c t " , synthes ized as one member 
in a react ion series t r iggered by the e n t r a n c e of an in fec t ious dose of v i rus i n t o the organism. 
H e recognized t h a t in cat t le a r epe t i t i on of the s u b c u t a n e o u s tubercul in t e s t gives rise t o 
hypersens i t iv i ty ( d o u b t f u l or positive eye test) , which a c c o u n t s for d iagnos t ic errors. For t h e 
r ad ica l t r e a tmen t of ovine scabies he r ecommended a d i p p i n g solution c o n t a i n i n g the g a m m a 
i somer of HCH, which has been n o t e d for its long-last ing residual effect . T r e a t m e n t with a 
c o n t a c t poison was a n entirely new t h e r a p e u t i c a p p r o a c h t o this disease, a n d it was util ized 
w i t h success on a n a t i o n a l scale in t h e eradication of ov ine scabies, w h i c h had previously 
been responsible for g r ea t economic losses. Mócsy was t h e f i r s t to show t h a t va r ious cutaneous 
diseases (scabies, demodicosis , lice) c a n be successfully cu red by the oral adminis t ra t ion of 
c o n t a c t poisons. He recommended su lphame thy l th i azo l fo r the parentera l t r e a t m e n t of fowl 
cholera . He made m a n y observat ions of cauistic i m p o r t a n c e in all fields of in te rna l medicine 
a n d worked on t h e improvemen t of t h e r a p e u t i c t echn iques . 
J ános Mócsy was one of the f i r s t ve te r inary sc ien t i s t s to recognize t h e role of environ-
m e n t a l factors in t he etiology of the so-cal led mul t i fac tor ia l diseases no ted f o r mass incidence 
in intensively m a n a g e d large herds a n d f locks . He urged t h e setting up of invest igat ions into 
t h e possibility of control l ing diseases w h i c h affect young animals and i n i t i a t e d such research 
in his depar tment in 1952. He also p u b l i s h e d many p a p e r s on this topic. 
As well as nea r ly 200 research pape r s , he also w r o t e several t e x t b o o k s and manuals , 
which had the special mer i t t ha t in each top ic discussed he was able to rely on his own profound 
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exper ience , with due r e g a r d to the opinions of others. H i s clear and concise presen ta t ions a n d 
a d m i r a b l e language also contr ibuted to t h e recognition w h i c h his books won h i m bo th at h o m e 
and ab road . His hooks , some of which were writ ten w i t h co-authors , are l is ted here in o rder 
of publ ica t ion . J á n o s Mócsy compiled t h e revised 3rd an 4 t h editions of J . Marek ' s "Kl in ika i 
d i agnosz t ika" (Clinical Diagnostics), a n d wrote the t e x t b o o k "Állatorvosi kl inikai diagnosz-
t i k a " (Veterinary Clinical Diagnostics), also published in Pol ish in two edi t ions . The hooks 
en t i t l ed "Be lgyógyásza t állatorvosok és á l l a to rvos tanha l lga tók s zámára" (General Medicine 
for Veter inary Surgeons and Students ) a n d "Állatorvosi Be lgyógyásza t" (Veter inary Medi-
cine), b o t h in two v o l u m e s , were wr i t t en in co-authorship w i t h R. Manninger , and the l a t t e r 
was also published in S lovakian , French a n d Vietnamese. " L e h r b u c h der Kl in ischen Diagnost ik 
der inneren K r a n k h e i t e n der Haus t ie re" (Texthook of Clinical Diagnostics for In t e rna l Diseases 
in Domes t ic Animals), w r i t t e n with J . M a r e k as co-author (4 th . 5th and 6 th edit ion), was also 
publ i shed in Polish a n d Spanish. "Speziel le Pathologie u n d Therapie der H a u s t i e r e " (Special 
P a t h o l o g y and T h e r a p y of Domestic Animals ) , in two v o l u m e s , was w r i t t e n in co-authorship 
wi th F. Hu ty ra , J . Marek and R. Mann inge r (9th, 10th a n d 11th editions), a n d was publ ished 
in Pol ish. Russian, Chinese and Span i sh ; "Ál la th ig ién ia" (Animal Hygiene) , wi th 1. Szép 
as co-au thor , was pub l i shed in H u n g a r i a n and Polish. 
Apar t f rom his versati l i ty and exceptional accompl i shments , his engagement in a 
wide orb i t of scientific activit ies accoun ted for János Mócsy ' s excellence as a teacher . In his 
own words: "Teaching a t university level presupposes ac t i ve par t ic ipa t ion in t he improvemen t 
and development of t h e chosen discipl ine." 
His singular sense for didactics a n d teaching, a n d his informal a p p r o a c h to his pupi ls 
won h im whole-hear ted recognition a n d respect. The demons t r a t i ons he held were model 
examples of t raining in the medical ou t look . He was an inexhaust ib le source of in fo rmat ion 
der ived f rom experience a n d not to be f o u n d in any book. His observant m i n d , unusual reason-
ing powers and i n tu i t i on , and his keen pract ical sense neve r failed to impress his s tuden t s . 
His conduc t was an a t t r a c t i v e example of professional dedica t ion , sense of order and noble 
s impl ic i ty . Thus, a p a r t f r o m bestowing on his pupils profess ional knowledge, he also cont r ibu ted 
to t h e educat ion of t h e i r personali ty a n d took every o p p o r t u n i t y to impress on their minds t h e 
super ior i ty of c o m m u n i t y interests a n d welfare to those of t he individual . 
J á n o s Mócsy will also he r emembered for his ac t iv i t i es in educat ional organizat ion and 
deve lopment , f irst as D e a n of the Ve te r ina ry Faculty a n d l a t e r as Director of t he High School 
of Veter inary Science. H e held these p o s t s during a cri t ical period, but still managed to b r ing 
abou t improvement . H i s a t t i tude was thoroughly h u m a n i t a r i a n and he was always ready t o 
help w hen asked to do so. His pur i t an ic inind d i sapproved of formalit ies, a n d he preferred 
s imple f r a n k c o m m u n i c a t i o n at all levels of personal c o n t a c t , declining w i t h his character is t ic 
acr id h u m o u r all m a n i f e s t a t i o n s of over-pol i teness and f l a t t e r y . His versat i l i ty deeply impressed 
eve ryone who had t h e chance of an ins igh t into his rich personal i ty . 
Professional excellence, which m a d e him repu ted all over the wor ld , was en twined 
in J á n o s Mócsy wi th a genuine liking fo r the arts and l i t e ra tu re . His sophis t ica ted t a s t e in 
l i t e ra tu re made itself f e l t in his own con t r ibu t ions as a profess ional writer. His style of wr i t ing 
was no ted for an e x t r a o r d i n a r y clar i ty a n d conciseness, u n u s u a l in scient i f ic l i terature. I i i s 
ab i l i ty to get to the h e a r t of the mat te r , a n d his dislike of c i rcumstan t i a l phrases and euphuisms 
gave rise to a ce r ta in anx ie ty even in t h e best profess ional writers when approaching h i m 
as reader . 
I l e admired t h e ar t s , and indulged in ancient h i s t o r y and archaeology as his special 
h o b b y . (He left b e h i n d a valuable collect ion of Roman coins and objects .) H e himself m a d e 
ar t i s t ic drawings a n d paint ings, and w a s an excellent photographer . He prepared most of 
t he i l lustrat ions for h i s books himself. 
The con t r ibu t ions of János Mócsy as teacher a n d scient is t have been duly apprec ia ted 
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by t he H u n g a r i a n G o v e r n m e n t . Few people h a v e received as m a n y awards of h o n o u r as he 
did: Order of t he H u n g a r i a n People 's Republ ic (Grade V) in 1951, t h e Kossuth P r i z e in 1952, 
t he Red Banne r Order of Labour in 1961, t h e Gold Medal of L a b o u r in 1965. I n 1970 he was 
awarded t h e S t a t e Prize (Grade I) for his l i fe-work and for his ou ts tanding ach ievements in 
ve te r ina ry medicine, in t h e re inforcement of t h e in ternat ional r e p u t a t i o n of H u n g a r i a n veter-
inary science and in t h e t ra in ing of ve te r ina r i ans . The G o v e r n m e n t marked his 8 0 t h bi r thday 
in 1975 by award ing h im the Order of the B a n n e r of the H u n g a r i a n People's Repub l i c (Grade II). 
Recogni t ion was also given by t he wor ld of science b o t h a t home and a b r o a d . János 
Mócsy was elected as a corresponding m e m b e r of the Hunga r i an Academy of Sciences in 1941 
and as a ful l member in 1946. For six yea r s he held the post of Secretary of t he D e p a r t m e n t 
for Agr icul tura l Sciences at t he Academy, a n d for several yea r s he was an elected member of 
the Academy ' s Board. He was awarded an h o n o r a r y doctora te b y t he Universi ty of Veter inary 
Science. Budapes t , in 1962, and by t he Ve te r ina ry Facu l ty of t he H u m b o l d t Univers i ty , 
Berlin, in 1965. The Boa rd of the H u n g a r i a n Association for Agricul tural Sciences awarded 
him t h e Ferenc H u t y r a Memorial Medal in 1961, for social a n d scientific o rgan isa t iona l activ-
ities on behalf of the Associat ion. I le was t h e f i r s t holder of t h e József Marek Memor ia l Medal, 
set up at t he Univers i ty of Veter inary Science, Budapes t , in 1975. This honour w a s bestowed 
on h im in recognit ion of his ou t s tand ing ach ievements in t h e teaching , prac t ica l appl icat ion 
and deve lopment of t he ve t e r ina ry sciences. F . KOVÁCS 
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îv»A*ionary Biology in Plants 
The Origh of the Angiosperms 
K A U S O A S A M A : The Origin of the Angiosperms 
(Evolut ionary Biology in P l a n t s IV., San-
seido Co. L td . . Tokyo, 1975, 400, Fig. 164. 
In Japanese) . 
The name of this f amous au thor is well-
known among paleobotanists , especially in 
connection with his theory of re tardat ion 
evolution. His present book is in fact a syn-
thesis in which he reviews wi th comparat ive 
criticism and with great competence all the 
impor tan t theories in the world about evo-
lution, but his m a i n interest is the origin of 
the Angiosperms. F r o m our point of view, 
it is a pity tha t in the whole book there is 
not a single sentence or word in a foreign 
language, such as English; oidy the names 
of authors, p lan ts and taxonoinical catego-
ries are printed in R o m a n characters . Never-
theless, the 164 pic tures and drawings and 
the large number of tables give us a glimpse 
of the inner con ten t s of the hook. The figures 
illustrating the mos t famous evolut ionary 
taxonoinical cha r t s are especially valuable; 
having compared them, the di f ferent evo-
lutionary systems can be surveyed bet ter . 
From among the most impor t an t con-
temporary theories, he presents those of the 
Dutch H. Lam and A. Meeuse, t he German 
W. Zimmermann, t he Soviet A. T a k h t a j a n , 
the American D. Axelrod, and the Hungar ian 
P . Greguss. He deals separately wi th only 
two of them, t h a t of the American Axelrod 
and of the H u n g a r i a n Greguss, who derive 
the polyphyletic genesis of the land-plants 
independently f r o m marine origin. He thinks 
highly of the theories of Axelrod and Greguss, 
about which he wri tes the following (these 
paragraphs are a literal t rans la t ion f rom 
Japanese to Engl ish) : 
"Axelrod t h o u g h t that the p lan t s ge-
nerally referred t o as ferns do not form one 
single natural p h y l u m , hut they could be 
divided into several branches, while the 
evolution of the Gymnosperms could be de-
rived as seen in Fig . 7. According to him, 
the plants with small leaves and with ver-
ticillate leaves h a v e remained in t he sporo-
phyt ic phase, b u t they are not at all related 
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t o the ferns. W i t h i n the Angiosperme, both 
t h e Monocotyledons and the Dico ty ledons 
developed separa te ly from the fe rns , t h a t is, 
he derived the Angiosperms d i f fe ren t ly t h a n 
o the r scientis ts ." 
"There is also a scientist whose pa r t i cu l a r 
ideas outline a t r ip le origin of the l and -p l an t s . 
Th i s scientist is the Hungar ian Greguss 
(1964), who f i r s t published his ideas on the 
subject over 50 yea r s ago in 1918. He f irst 
s tudied the a n a t o m y of the l igneous p lan ts , 
t h e n published several books on t h e Gymno-
sperms and the Angiosperms. H e has also 
wr i t t en about fossilised plants a n d has re-
cen t ly studied the Sago-palms." 
"The basic idea behind his t heo ry is 
shown in Table 8; di f ferent regular i t ies have 
survived f rom the cellfathom s t a t e to the 
mos t complicated p lan ts , and as bas i c modes 
of branching, none of them could b a v e de-
veloped f rom a n o t h e r . In his op in ion there 
is no evidence t h a t in forked b r a n c h i n g a 
sideshoot overgrew, thus giving rise t o b ranch-
ing from a c o m m o n base. Right f r o m the 
beginning the t h r e e systems deve loped side 
b y side unti l t h e present-day ang iospermal 
s t a t e was r e a c h e d . " 
In a survey covering more t h a n three 
pages , he describes the isospore, homospore , 
heterospore, i sosperm, homosperm a n d eu-
spe rm states, wh ich fi t comple te ly into 
Greguss 's chain of thought . 
"According to this theory, p l a n t s wi th 
t he same kind of reproduct ive o r g a n s will 
belong to the s a m e phylum. T h e p l an t s 
reached different evolutionary s t ages in 
d i f ferent geohis tor ical eras. Oil t h e basis of 
t he above, the Axelrod mult i -phi l ic theory , 
a n d the Greguss t r iple- theory of c o r m o p h y t e 
p l a n t s were d e v e l o p e d . " 
In connection wi th the survey, t h e au tho r 
refers several t i m e s to Greguss's t a b l e . 
This wel l -presented book will be a great 
he lp to those s t u d y i n g the evolut ion of p lants . 
G Y . C S O N G O R 
J. Lelley 
J . LELLEY: Wheat Breeding. Theory and Prac-
tice. Akadémia i Kiadó, B u d a p e s t , 1976, 286. 
T h e Author t rea ts t he subject of w h e a t 
b reed ing mainly on the bas is of recent resul t s 
in cytogenet ics , and m o r e part icularly of 
aneup lo idy genetics. Of t he results of th is 
n a t u r e discussed in the book the most recent 
are general ly those p r e s e n t e d at the F o u r t h 
I n t e r n a t i o n a l Wheat Genet ics Sympos ium 
held in Augus t 1973. 
Th i s cytogenetic o r i en t a t i on accords w i t h 
the m a i n con temporary t r e n d in scientific 
( t hough not practical) w h e a t breeding. In 
th is case, however, it is t h e source of cer ta in , 
not en t i re ly correct s t a t e m e n t s and, above 
all, of the over -evalua t ion of the prac t ica l 
resul ts of wheat b reed ing based on cy to -
genetics . The Author himself is obviously 
aware of this danger, as m a y he concluded 
f rom t h e following s t a t e m e n t : "The resul t s 
o b t a i n e d by the research of subst i tu t ion a n d 
add i t ion are of mode ra t e pract ical breeding 
use for t he time . . ." , b u t he considers t h a t 
the reason for this is t h a t " t h e first complete 
aneuplo id series was p r o d u c e d with Chinese 
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Spring, a p r i m i t i v e va r i e ty" (p. 59). Research 
of a similar n a t u r e , which has been under-
way for y e a r s now on n u m e r o u s modern 
varieties, is qual i f ied to decide whe ther this 
is really t he on ly reason. A s imi lar judgement 
can be m a d e of the s t a t e m e n t t h a t "Art i -
ficially induced gene mu ta t i on has become 
an efficient m e t h o d in pract ice of breeding" 
(p. 187), which again has not y e t been proved 
by wheat b reed ing in practice. 
Never theless , the hook is general ly char-
acterised b y exemplary ob jec t iv i ty . For 
instance, t h e Author clearly demons t ra t e s 
t ha t the h y p o t h e s e s referring to the origin 
of the А, В a n d D genomes a n d of the tetra-
and hexaploid groups of whea t species have 
become ques t ionab le . A still b e t t e r example 
of the A u t h o r ' s scientific ob j ec t iv i t y is his 
s tandpoint o n the ut i l isat ion of adequate 
variat ion in breeding (pp. 85, 193— 194). 
Although t h e Author is well aware that 
adequate va r i a t i ons are inexpl icable accord-
ing to the prevai l ing genetic concep t which 
he espouses, his respect for t he fac t s takes 
precedence ove r everything, in cont ras t to 
the a t t i tude exhib i ted by cer ta in geneticists. 
I t would not be out of place to ment ion here 
t h a t of all w i n t e r wheats Mi ronovskaya 808 
(p. 85), which was selected f r o m an au tumn-
ised popu la t ion , is now sown on perhaps 
the largest a r ea in the world. This explains 
why the o u t s t a n d i n g wheat b reede r Maksim-
chuk considers au tumnisa t ion to be a breed-
ing method comparable to hybr id isa t ion . 
The book v e r y r ightly includes t w o mentions 
of this, once u n d e r " W i n t e r h a r d i n e s s " and 
again under " I n d u c t i o n of a d e q u a t e varia-
t ions". I t is a p i ty , though, t h a t unlike the 
first reference (p. 85), the second reference 
is erroneous: ins tead of Maks imchuk and 
au tumni sa t ion the text reads Maksiinenko 
and vernal isa t ion (p. 194). 
The hook, which consists of 286 pages 
including 26 t ab l e s and 60 f igures, is published 
by the Pub l i sh ing House of the Hungar ian 
Academy of Sciences and is d iv ided into 14 
chapters a n d References. I t begins with a 
survey of t he l i te ra ture previous ly published 
on the sub j ec t and continues in Chapter 2 
with the or igin of wheat . C h a p t e r 3 deals 
w i t h the role of w h e a t breeding in world 
economy, while t a x o n o m y is the s u b j e c t of 
C h a p t e r 4. The A u t h o r introduces t h e chro-
mosomes of whea t in Chapter 5 and t h e con-
t ro l mechanism of homologous pa i r ing in 
C h a p t e r 6. Gene symbols and gene m a p p i n g 
a r e t he subject of Chap te r 7, while t h e sub-
s t i t u t i o n , addi t ion a n d t rans loca t ion of 
chromosomes are discussed in C h a p t e r 8. 
I n Chap te r 9, unde r t he t i t le of ma jo r q u a n t i -
t a t i v e character is t ics a n d the genet ic in-
f luence . the reader f i nds sections on yield 
po ten t i a l , winter hard iness , d rought to ler-
ance , lodging res is tance and dwar fnes s , 
a n d t ime of m a t u r i t y . In Chapter 10 t he 
A u t h o r discusses pathological res i s tance , 
w i t h sections on s t e m rust , leaf rus t , yel low 
r u s t , powdery mi ldew and other pa thogens , 
t h i s la t te r touching on common h u n t , dwarf 
b u n t , f lag smut , Fusa r ium, wheat s t r eak 
mosa ic and Hessian f ly . Quality improve-
m e n t is the sub jec t of Chapter 11, which 
deals with milling qua l i ty , baking qua l i t y , 
q u a l i t y of soft whea t s , pas te used in ve rmi -
celli product ion (p resumably pasta is m e a n t ) , 
biological values (digestibili ty) of w h e a t , 
t o t a l protein con ten t and amino acid com-
posi t ion . These are followed in C h a p t e r 12 
b y breeding me thods , namely, i n t e rva r i e t a l 
hybr id i sa t ion , in terspecif ic hybr id i sa t ion , 
in tergener ic hybr id i sa t ion , hybr id w h e a t , 
hap lo id method, art if icial ly induced gene 
m u t a t i o n , spon taneous muta t ion and induc-
t ion of adequate var ia t ions . Chapter 13 is 
d iv ided into two subchap te r s dealing w i t h 
t h e hu lk method a n d individual select ion. 
F ina l ly , Chapter 14 discusses the mechan i sa -
t ion of wheat breeding. 
Despi te the unusua l ly extensive Refe -
rences , which covers 63 pages and inc ludes 
some 1500 ci ta t ions, the book con ta ins no 
super f luous details. I t is a pity t ha t t he r e are 
no indexes of La t in p lan t and animal n a m e s , 
or of names of var iet ies , and no a lphabe t i ca l 
A u t h o r and Sub jec t indexes, which wou ld 
h a v e helped the reader to orientate. 
T h e English t r ans la t ion is comprehensible , 
t h o u g h certain technical expressions are n o t 
suff ic ient ly accura te . For instance, a p a r t 
f r o m the example men t ioned above (verna l i -
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sat ion instead of au tumnisa t ion ) seed-grain 
is used t h r o u g h o u t in place of seed. 
These few er rors and deficiencies, how-
ever, do not s ignif icantly r e t r a c t f rom the 
value of the b o o k , which is excel lent of its 
k ind . The A u t h o r is a very c o m p e t e n t special-
ist on wheat b reed ing , his style is clear and 
concise and his work reflects t he present 
s t a t e of science. A p a r t f r o m wheat b reede r s 
a n d geneticists, the book is worthy of t h e 
a t t e n t i o n of seed specialists, and will also 
be use fu l to all agr icu l tura l and plant b iology 
special is ts and un ivers i ty s tudents wishing 
to o b t a i n a deeper knowledge of this s u b j e c t , 
S . R A J K I 
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TOM. 27—ВЫЛ. 3 - 4 . 
РЕЗЮМЕ 
МАТЕМАТИЧЕСКАЯ МОДЕЛЬ И З М Е Н Е Н И Я ЛЕГКОРАСТВОРИМОГО В ПОЧВЕ 
ФОСФОРА В ЗАВИСИМОСТИ ОТ ФАКТОРА ВРЕМЕНИ 
Л . Б Ё Р Ж Ё Н И , Г. Ф Ю Л Е К И 
В работе изучается изменение содержания легкорастворимого фосфора после 
удобрения почв с разным механическим составам и при 9-ти pH. Временное изменение дан-
ного процесса регистрируется обычным первостепенным дифференциальным уравнением 
у' = -by0 при дозах 280, 28 и 2,8 мг P2Pä на ИХ) г почвы. Изложенные результаты дают 
возможность сделать некоторые соображения в направлении исследования параметров, 
в разъяснении агрохимических концепций и для дальнейшего развития проблемы. 
НОВЫЙ МЕТОД Д Л Я О П Р Е Д Е Л Е Н И Я САМООПЛОДОТВОРЕНИЯ У СОРТОВ 
СЛИВЫ И РЕНКЛОДА 
Д . Ш У Р А Н И 
Автором было исследовано 17 самооплодотворяющихся, 7 частично самооплодо 
творяющихся, 7 практически самостерильных и 23 самостерильных сортов сливы. По 
размеру пестика, по количеству функциональных пыльников, по частному SN/PL и по 
средней величине длины части побега между двумя листьями, была найдена разница между 
различнымы группами по оплодотворению. Величина пестика оказалась наибольшей у 
частично самооплодотворяющихся сортов, а у самооплодотворяющихся величина пестика 
была меньшей. Самостерильные и практически самостерильные сорта характери-
зуются короткими пестиками. По количеству пыльников, наоборот, наблюдалось обрат-
ное отношение, наибольшее количество пыльников было насчитано у самостерильных 
сортов. Исследование сортов по группам показало, что частное SN/PL является выгодным 
для характеристики самооплодотворения: частное у частично самооплодотворяющихся 
сортов меньше (1,85 pc./mm), а у практически самостерильных и у самостерильных сортов 
частное варьирует от 2,24 до 2,35 pc./mm, то есть относительное количество пыльников 
выше оптимального. Величина частного является выражением половой корреляции. На 
основании исследованных 1620 цветков была найдена достоверная отрицательная корреля-
ция между величиной пестика и количеством функциональных тычинок. Проведённое 
в середине лета исследование показало, что между частным и средней величиной длины 
побега между двумя листами при 2-х процентной достоверности соотношение (г = + 0,259). 
В конечном итоге частное и величина длины побега между двумя листами являются под-
ходящими показателями для характеристики самофертильности у сливы. Метод простой 
и легко осуществимый, таким образом быстро можно оценить большое количество сортов, 
кандидатов в сорта (отселектированных и доместифицированных), гибридов и, по мере 
возможности, и популяций подвоя. 
СЕЛЕКЦИЯ ЯРОВОГО ЯЧМЕНЯ НА УСТОЙЧИВОСТЬ К ПОЛЕГАНИЮ 
Э. П О Л Л Х А М Е Р 
В течение многих лет мартонвашарские сорта ярового ячменя изучались по устой-
чивости к полеганию на основе полевых наблюдений, с помощью измерений высоты расте-
ний, определением отношения между урожаем зерна и полеганием, измерением поверх-
ности листьев одного стебля и определением комплексной величины устойчивости к поле-
ганию (KÁÉ). Были выделены партнеры для скрещивания, подходящие для улучшения 
устойчивости к полеганию или для улучшения отдельных составных элементов его. По 
устойчивости к полеганию мартонвашарские сорта ярового ячменя распологаются в 
следующем нисходящем порядке: Мв 46, Мв 43, Мв 45, Мв 48, МК 42, МК 47 и Мв 41. 
И Д Е Н Т И Ф И К А Ц И Я ТРАНСЛОКАЦИЙ В СОРТАХ П Ш Е Н И Ц Ы МИРОНОВСКАЯ 
808 и Р А Н Н Я Я 12 
И. ШУТКА 
Анализировали материнские клетки пыльцы в скрещиваниях каждой из 21 моно-
сомной линии Chinese Spring с Мироновской 808 и Ранней 12. Найдено, что сорт Миро-
новская 808 отличается от Chinese Spring по двум реципрокным транслокациям, включа-
ющих с одной стороны хромосомы ЗА и ЗВ, с другой -1 В и 2D. Предполагется, что Ранняя 
12, по сравнению с Chinese Spring, имеет транслокацию, включающую хромосомы 1В и 2D. 
Частота материнских клеток пыльцы с тривалентами и квадривалентами, в скрещиваниях 
изученных сортов пшеницы, была относительно низкая. 
JÁNOS DI GLÉRIA 
(1899—1976) 
I t was a g r e a t loss f o r H u n g a r i a n a n d i n t e r n a t i o n a l soi l science a n d p l a n t 
n u t r i t i o n w h e n Prof . J á n o s d i Glória, d o c t o r of ag r i cu l t u r a l sciences, d i e d on 
2 1 s t J u n e 1976. W i t h Iiis d e a t h an e v e n t f u l life came t o a n end . 
He was a p r o m i n e n t r e s p r e s e n t a t i v e of t h e ' S i g m o n d - s c h o o l , a p i o n e e r 
of soil science a n d soil co l lo ids , and a h i g h l y qual i f ied e x p e r t on t h e s c i e n c e 
of p l an t n u t r i t i o n . 
H a v i n g g r a d u a t e d a t t h e B u d a p e s t Technica l U n i v e r s i t y in 1924 , he 
w o r k e d as a chemica l e n g i n e e r u n d e r t h e l eade r sh ip of E l e k 'S ig inond , a n d 
a c q u i r e d a d o c t o r ' s degree i n t echn ica l s c i ences in 1927. T h e n he c h a n g e d his 
p o s t as p r o f e s s o r ' s a s s i s t an t f o r research a c t i v i t y car r ied o u t a t the N a t i o n a l 
I n s t i t u t e of C h e m i s t r y , w h e r e he later b e c a m e head of d e p a r t m e n t , a n d di-
r e c t e d t h e w o r k of the soil s c i ence , p lan t n u t r i t i o n , p l a n t p r o t e c t i o n a n d w a t e r 
t e s t i n g d e p a r t m e n t s . T h e p e r i o d in wh ich h e carried o u t his sc ient i f ic w o r k 
co inc ided w i t h t h e u p s w i n g of soil sc ience in H u n g a r y , w h i c h he n o t o n l y 
d i r e c t e d b u t in which he a lso t o o k an a c t i v e p a r t . 
As t h e h o l d e r of a s c h o l a r s h i p he b e c a m e a c q u a i n t e d in 1930—31 w i t h 
t h e work of t h e Wiegne r - schoo l , and he h imsel f c a r r i ed o u t i n v e s t i g a t i o n s 
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on colloid c h e m i s t r y a t t h e t echn ica l u n i v e r s i t y in Z u r i c h . T h i s period h a d a n 
in f luence on t h e whole c o u r s e of his l i fe . I t was t h e r e t h a t he made t h e ac-
q u a i n t a n c e of m a n y o u t s t a n d i n g r e p r e s e n t a t i v e s of soil sciences, s u c h as 
professors Y . A . K o v d a , A . Musierowicz , N . Cernescu a n d F . Schef fe r , w i t h 
w h o m he e s t a b l i s h e d a c lose f r i endsh ip . 
F r o m 1942 o n w a r d s h e organized a n d di rec ted t h e Agr i cu l t u r a l E x p e r i -
m e n t a l S t a t i o n a t B u d a k e s z i , where h e r e m a i n e d u n t i l t h e end of W o r l d 
W a r I I . 
L a t e r , in 1946, he w a s a p p o i n t e d p r o f e s s o r a t t h e D e b r e c e n U n i v e r s i t y 
of .Agr icul tura l Sciences w h e r e he de l ive red lec tures in a g r i c u l t u r a l c h e m i s t r y . 
Beside: b e i n g h e a d of d e p a r t m e n t , he c o n t r i b u t e d g r ea t l y t o t h e general deve l -
o p m e n t of chemica l e d u c a t i o n . He was a c t i v e in t h i s f i e l d a t the D e b r e c e n 
U n i v e r s i t y of A r t s and S c i e n c e s , where he de l ivered l e c t u r e s in physical c h e m -
i s t r y r n d col loid c h e m i s t r y . 
In 1950 he r e t u r n e d t o B u d a p e s t as a r e sea rche r a t t h e Research I n s t i t u t e 
of A g r o c h e m i s t r y , of w h i c h h e was d i r e c t o r f r o m 1954 t o 1957. This p e r i o d 
of his life w a s p a r t i c u l a r l y f r u i t f u l . B e s i d e s mak ing h i s m a r k as a s c h o l a r 
t h r o u g h his pe r sona l r e s e a r c h work , as d i r e c t o r of t h e i n s t i t u t e he p r o m o t e d 
t h e d e v e l o p m e n t of t h e f i e l d s of science h e r e p r e s e n t e d b y o rgan iz ing co-
o p e r a t i o n b e t w e e n e x p e r t s w i t h i n and w i t h o u t t he i n s t i t u t e . 
I t w a s d u r i n g th i s p e r i o d t h a t he w r o t e his works o n soil ac id i ty . I t is 
owing t o h i m t h a t our v i e w s on soil a c i d i t y have c h a n g e d , and t h e p r o c e s s 
is no longer e x p l a i n e d m e c h a n i c a l l y by t h e f i x a t i o n of p r o t o n s on t h e co l lo id 
su r faces , h u t a p a r t f r o m t h i s a change in t h e a d s o r p t i o n s u r f a c e itself is also 
r eckoned w i t h . 
His c o m p r e h e n s i v e w o r k " T a l a j f i z i k a , t a l a j k o l l o i d i k a " (Soil p h y s i c s , 
colloid c h e m i s t r y of soils) (1957) , w r i t t e n w i t h A n d o r K l i m e s S z m i k a n d 
Miklós D v o r a c s e k as c o - a u t h o r s , was p u b l i s h e d du r ing t h e same p e r i o d . I t s 
t o p i c a l i t y a n d h igh p r o f e s s i o n a l level was p r o v e d by t h e f a c t t h a t the G e r m a n 
p u b l i c a t i o n (1962) was also sold ou t in a s h o r t t ime. 
E q u a l i m p o r t a n c e is a t t a c h e d to t h e b o o k s he c o m p i l e d on the s u b j e c t s 
of appl ied soil science a n d p l a n t n u t r i t i o n : " M e z ő g a z d a s á g i k é m i a " (Agr i -
c u l t u r a l c h e m i s t r y ) (1950), " T a l a j v i z s g á l a t i m ó d s z e r k ö n y v " ( M e t h o d o l o g y 
of soil t e s t i n g ) (1953, 1962) a n d " M e z ő g a z d á k t a l a j i s m e r e t i és t r á g y á z á s i 
ú t m u t a t ó j a " (Soil science a n d p l a n t n u t r i t i o n guide for f a r m e r s ) (1958, 1964) . 
All t h i s s h o w s t h a t he w a s one of t h e l e a d i n g s c i e n t i s t s of his d a y , w h o s e 
v iews on t h e u n i t y of soil s c i ence and p l a n t nu t r i t i on b e c a m e , t h r o u g h t h e 
e f fo r t s of h i m a n d his c o - w o r k e r s , t h e t h e o r e t i c a l basis of e v e r y d a y p r a c t i c e 
in a g r i c u l t u r a l p r o d u c t i o n . 
T h e i n i t i a t i v e which r e s u l t e d in t h e o r g a n i z a t i o n of a work g r o u p en-
gaged in t h e a p p l i c a t i o n a n d i m p r o v e m e n t of i so tope t e c h n i q u e s at the i n s t i t u t e 
h e d i rec ted w a s also of g r e a t i m p o r t a n c e . T h e i n t r o d u c t i o n of this u p - t o - d a t e 
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t e c h n o l o g y was t h e s t a r t i n g p o i n t for m a n y n e w resu l t s a n d it was "n t h i s 
t h a t t h e h o o k " I z o t ó p o k a l k a l m a z á s a a m e z ő g a z d a s á g i k é m i á b a n és t a l a j t a n -
b a n " ( A p p l i c a t i o n of i so topes in a g r i c u l t u r a l c h e m i s t r y a n d soil sc ience) , 
compi led b y h i m a n d p u b l i s h e d in 1966, w a s based . 
A p a r t f r o m his s c i en t i f i c research w o r k , he also m a d e an i m p o r t a n t 
c o n t r i b u t i o n t o sc ient i f ic m a n a g e m e n t . H e was t h e f i r s t p r e s i d e n t , and l a t e r 
t h e h o n o r a r y p r e s i d e n t of t h e H u n g a r i a n Soc ie ty of Soil Science, a n d w a s 
also p r e s i d e n t of t h e Soil Sc ience C o m m i t t e e of t h e H u n g a r i a n A c a d e m y of 
Sciences for a l ong per iod. H e w a s an h o n o r a r y m e m b e r of t h e G e r m a n S o c i e t y 
of Soil Science a n d a m e m b e r of t h e I n t e r n a t i o n a l Soc i e ty for Soil Sc ience . 
He was m e m b e r of t h e edi tor ia l b o a r d of " A c t a A g r o n o m i c a " a n d 
" A g r o k é m i a és T a l a j t a n " . 
His i n t e r n a t i o n a l f a m e w a s due p a r t l y t o his w o r k in t h e I n t e r n a t i o n a l 
Soc ie ty for Soil Science a n d t o lec tures de l i ve red a t congresses a n d con fe r ences , 
a n d p a r t l y t o seve ra l y e a r s of adv i so ry w o r k in Cuba . I n C u b a he o r g a n i z e d 
t h e u p - t o - d a t e i n s t r u m e n t a l research w o r k a t t h e H a v a n a I n s t i t u t e fo r Soil 
Science, a n d t r a i n e d e x p e r t s t o con t inue his w o r k w h e n h e l e f t . 
In r e c o g n i t i o n of his w o r k he was a w a r d e d the gold m e d a l of t h e O r d e r 
of L a b o r , t h e t i t l e of P r o m i n e n t W o r k e r in A g r i c u l t u r e , a n d t h e T e s s e d i k 
Meda l . 
H e was an e x e m p l a r y h u m a n being. H i s l ife was a m o d e l of n o w t o r e n d e r 
fu l l service b o t h t o H u n g a r i a n and i n t e r n a t i o n a l science, a n d also t o t h e f a m i l y 
a n d t h e close c o m m u n i t y in which he l i v e d a n d w o r k e d . 
All his deeds were c h a r a c t e r i z e d b y t h e logical o r d e r t h a t i m b u e d h i s 
whole life a n d d i rec ted his p rofess iona l w o r k . His m o d e s t y , unse l f i shness a n d 
he lp fu lnes s m a d e him a v a i l a b l e t o all w h o t u r n e d to h i m . His research w o r k 
was c h a r a c t e r i z e d by i ts a c c u r a t e a n d m e t h o d i c a l n a t u r e , a n d t h e r e s u l t s 
were r e p o r t e d s imply a n d in te l l ig ib ly . 
H e p a i d g rea t a t t e n t i o n to t h e p ro fe s s iona l d e v e l o p m e n t of his c o n -
t e m p o r a r i e s a n d y o u n g co -worke r s . In his l ec tu res as well as in p e r s o n a l 
c o n v e r s a t i o n s he called a t t e n t i o n t o c u r r e n t p r o b l e m s . H e p r o v i d e d g u i d a n c e 
b y his a d v i c e , a n d even m o r e so by m e a n s of jo in t p r o j e c t s . H e was a l w a y s 
r e a d y to s h a r e his k n o w l e d g e a n d r e n d e r i t u se fu l in co l l ec t ive work , as p r o v e d 
b y t h e p u b l i c a t i o n s he w r o t e wi th c o - a u t h o r s , and b y t h e hooks p u b l i s h e d 
as a resul t of t h e work of a t e a m of a u t h o r s u n d e r his ed i to r ia l g u i d a n c e . 
H e e x c h a n g e d o p i n i o n s no t only w i t h t h e r e p r e s e n t a t i v e s of his spec ia l 
f ie ld , h u t w a s able t o o f f e r v iews w o r t h y of c o n s i d e r a t i o n in o the r a s s o c i a t e d 
sciences, a n d t o f i n d poss ib i l i t i es for co l lec t ive work . I t c a n t h u s be sa id t h a t 
in h im we h a v e lost a p r o m i n e n t r e p r e s e n t a t i v e and success fu l fo l lower n o t 
only of soil sc ience a n d a g r o c h c m i s t r y , h u t also of t h e w h o l e sphe re of ag r i -
cu l tu ra l sc iences . 
P . S T E F A N O V I T S 
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MATHEMATICAL MODEL FOR TEMPORAL 
CHANGES IN THE READILY SOLURLE PHOSPHORUS 
CONTENT OF SOILS 
By 
L . B Ö R Z S Ö N Y I , G Y . F Ü L E K Y 
COMPUTER AND AUTOMATION INSTITUTE, RESEARCH INSTITUTE FOR SOIL SCIENCE 
AND AGRICULTURAL CHEMISTRY, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST 
This paper follows the changes in the readily soluble phosphorus content of 
9 soils of different pH and mechanical composition after phosphorus fertilization. 
The temporal changes of the process on applying 280, 28 and 2.8 mg P.,05/100 g soil 
are described by the ordinary differential equation y' =—byc. The paper also con-
siders parameter examinations, agrochemical interpretations and the extension of the 
problem. 
Introduct ion 
T h e f i r s t r e a c t i o n w h i c h sol id p h o s p h o r u s f e r t i l i ze r u n d e r g o e s w h e n 
i n t r o d u c e d i n t o t h e soil in t h e c o u r s e of p h o s p h o r u s a p p l i c a t i o n is d i s s o l u t i o n . 
I n a s m u c h as i t is a w a t e r s o l u b l e fe r t i l i ze r t h i s s t e p t a k e s p l a c e q u i t e q u i c k l y , 
in a m a t t e r of a f e w h o u r s . I n t h e second s t e p t h i s p h o s p h a t e so lu t i on e n t e r s 
t h e so l id p h a s e o f t h e soil in a l ab i l e f o r m , a f t e r a f a s t r e a c t i o n . T h e n f r o m 
t h i s l a b i l e s t a t e t h e p h o s p h a t e p a s s e s ove r — i n t h e t h i r d s t e p — in to a n o n -
l a b i l e s t a t e . T h e l a t t e r r e a c t i o n , h o w e v e r , t a k e s p lace m o r e s lowly (LARSEN 
1971) . 
T h e l ab i l e p h o s p h o r u s c o n t e n t , i n c r e a s e d b y t h e a p p l i c a t i o n of p h o s -
p h o r u s f e r t i l i z e r , b e g i n s t o d e c r e a s e a t o n c e i n t h e a b o v e - m e n t i o n e d t h i r d 
s t e p . E x p e r i e n c e s h o w s t h a t t h i s t a k e s p l a c e q u i c k l y a t f i r s t , a n d l a t e r a t a 
s l o w e r r a t e . T h e t i m e s p e n t in a l a b i l e f o r m b y t h e p h o s p h a t e a d d e d t o t h e soil 
c a n b e s t b e c h a r a c t e r i z e d b y t h e ha l f - l i f e . B y h a l f - l i f e we m e a n t h e t i m e d u r i n g 
w h i c h ha l f t h e a m o u n t of p h o s p h a t e a d d e d t o t h e soil b e c o m e s n o n - l a b i l e . 
LARSEN et al. ( 1 9 6 5 ) f o u n d t h a t i n n o n - a c i d i c m i n e r a l soils t h e ha l f - l i fe r a n g e d 
f r o m 1 t o 6 y e a r s a n d was in m o s t cases a b o u t 2 .5 y e a r s . A c c o r d i n g t o t h e s e 
a u t h o r s , t h e a m o u n t of p h o s p h o r u s in t h e l a b i l e s t a t e d e c r e a s e s e x p o n e n t i a l l y 
w i t h t i m e . F u r t h e r , t h e y d e m o n s t r a t e d t h a t t h e t r a n s f o r m a t i o n of l a b i l e 
p h o s p h o r u s i n t o a non - l ab i l e f o r m d e p e n d e d o n m o r e t h a n o n e f a c t o r , b u t t h e y 
d i d n o t f i n d a n y c o r r e l a t i o n b e t w e e n t h e h a l f - l i f e of t h e l a b i l e p h o s p h o r u s 
c o n t e n t , on t h e o n e h a n d , a n d t h e c l ay c o n t e n t , t h e a m o u n t o f o r g a n i c m a t t e r 
a n d t h e s o l u b l e i r o n a n d a l u m i n i u m c o n t e n t s , o n t h e o t h e r . A c c o r d i n g t o t h e 
a u t h o r s c i t ed , i t is n o t p r o b a b l e t h a t t h e s u b s t a n t i a l d i f f e r e n c e s i n t h e h a l f - l i f e 
of t h e l ab i l e p h o s p h o r u s c o n t e n t i n d i f f e r e n t so i l s is c a u s e d s o l e l y b y t h e d i f -
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f e r e n t a b s o r p t i o n capac i t i e s of t h e soils. T h e p H va lue w a s t h e only soil p r o p -
p e r t y f o u n d t o he in c o r r e l a t i o n wi th t h e ha l f - l i fe . The ha l f - l i f e of labi le phos -
p h a t e s i n c r e a s e d l inear ly w i t h t h e h y d r o g e n ion c o n c e n t r a t i o n . In m o s t cases 
t h e decrease in lab i l i ty i n t h e 6 .0—7.5 p H range of t h e soils t h e y s t u d i e d 
w a s a s s u m e d t o be caused b y t h e f o r m a t i o n a n d aging of ca lc ium p h o s p h a t e s . 
T h e c h a n g e in t h e l a b i l e p h o s p h o r u s c o n t e n t r e f l e c t s i ts v a r y i n g ava i l -
ab i l i t y t o t h e p l a n t . C o n v e n t i o n a l so lven t s a r e also u s e d t o follow t h e c h a n g e 
in t h e a m o u n t of ava i l ab le p h o s p h o r u s . C h a n g e s in t h e a m o u n t of p h o s p h o r u s 
d issolved b y t h e s e s o l v e n t s a r e re la ted w i t h t h e c h a n g e s in the a m o u n t of 
p h o s p h o r u s a v a i l a b l e t o t h e p l a n t . I t is t h u s des i rable t o e x a m i n e the s o l u b i l i t y 
of t h e p h o s p h o r u s f e r t i l i ze r i n t r o d u c e d i n t o the soil . SHELTON—COLEMAN 
(1968) f o u n d t h e decrease i n t h e read i ly so lub le p h o s p h o r u s c o n t e n t of t h e 
e x a m i n e d soil t o d e p e n d o n t h e r a t e of fe r t i l i ze r a p p l i c a t i o n . In t h e c a s e of 
h ighe r fe r t i l i ze r doses, t h e d e c r e a s e in t h e f i r s t two y e a r s p r o c e e d e d a t a f a s t e r 
r a t e t h a n d u r i n g t h e s u b s e q u e n t 6 yea r s . W i t h lower f e r t i l i z e r doses t h e in i t i a l 
qu i ck r e d u c t i o n in the r e a d i l y soluble p h o s p h o r u s c o n t e n t did not t a k e p l a c e ; 
on ly t h e s lower decrease e x p e r i e n c e d w i t h h ighe r doses w a s obse rved . 
A f t e r - e f f e c t e x p e r i m e n t s t o f i nd o u t w h a t h a p p e n s t o p h o s p h o r u s fe r t i l -
izers app l i ed t o t h e soil a n d l e f t u n u s e d b y t h e p l a n t s h a v e been c a r r i e d ou t 
all over t h e w o r l d . The r e s u l t s of one of t h e bes t k n o w n series of a f t e r - e f f e c t 
e x p e r i m e n t s ca r r i ed o u t a t R o t h a m s t e d , W o b u r n a n d S a x m u n d h a m (MAT-
TINGLY, 1971) show t h a t p h o s p h o r u s f e r t i l i z e r app l i ed i n t h e fo rm of s u p e r -
p h o s p h a t e o n l y p a r t l y r e t a i n e d its e f f e c t i v e n e s s a n d ava i l ab i l i t y t o p l a n t s 
as t i m e p r o g r e s s e d , a n d d e p e n d e d on t h e p H of t h e soi l and the t e s t p l a n t 
e m p l o y e d . I n t h e n e u t r a l a n d c a r b o n a t e soils e x a m i n e d b y t h e s a m e a u t h o r , 
so lu t ion in N a H C 0 3 c l e a r l y s h o w e d t h e t r e n d of a v a i l a b i l i t y to p l a n t s of t h e 
p h o s p h o r u s fe r t i l i ze r l e f t i n t h e soil. 
M a n y o t h e r e x p e r i m e n t a l d a t a m a y b e m e n t i o n e d t o con f i rm t h a t t h e 
e f fec t iveness of p h o s p h o r u s fer t i l izers a p p l i e d to t h e soi l decreases w i t h t i m e 
as a f u n c t i o n of ce r t a in soi l p roper t i e s . H o w e v e r , t o d e s c r i b e the e x t e n t of 
t h e decrease on ly t h e p e r c e n t a g e c h a n g e s are g e n e r a l l y used (MATTINGLY 
1971), or t h e c o n t e n t s t h e m s e l v e s w i t h t h e g r a p h i c i l lus t ra t ion of t h e 
c h a n g e s (SHELTON— COLEMAN 1968) .The in i t i a t ions a n d resu l t s of m o d e l l i n g , 
desc r ib ing in a m a t h e m a t i c a l f o r m , the t e m p o r a l c h a n g e i n t h e labile o r r e a d i l y 
soluble p h o s p h o r u s c o n t e n t i n the soil a f t e r p h o s p h o r u s app l i ca t ions a r e less 
we l l -known , as is t h e w a y in which s o l u b i l i t y is i n f l u e n c e d by t h e p l l a n d 
m e c h a n i c a l c o m p o s i t i o n of t h e soil a n d t h e ra te of f e r t i l i z a t i on . A f u r t h e r 
q u e s t i o n is w h e t h e r or n o t all t h e so lven t s used show t h e changes u n i f o r m l y . 
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M a t e r i a l and m e t h o d 
The soil samples used for the analyses were taken from uniform plots in the national 
fertilization trials, left for 4 years without phosphorus application, and from a similar plot 
in a long-term experiment at Martonvásár. Some characteristic features of the soils are shown 
in Table 1. The experiment was started in April 1973; 9 different types of soil were included 
in the experiment, each treated with 0, 2.8, 28 and 280 mg P-05/100 g soil, in the form of pow-
dered superphosphate. The soils were subsequently kept at an opt imum moisture level. The 
ammonium lactate-soluble (AL-P) and NaHC03-soluble (OLS-P) phosphorus contents of the 
soils were determined before fertilization, and 1, 27, 84 and 136 weeks after fertilization. 
(The readily soluble phosphorus contents of the soils left untreated agreed within a reasonable 
limit of error at the different dates, so changes did not have to be reckoned with here in the 
course of model construction.) The soil analyses were performed according to the instructions 
given in "Methods for Soil and Fertilizer Analysis" (ANONYMOUS 1962), and by the techniques 
of SARKADI- KRÁMER -TIIAMM ( 1 9 6 5 ) a n d WATANABE—OLSEN ( 1 9 6 5 ) . T h e resu l t s p r e s e n t e d 
are the mean values of 2 parallel determinations on each sample. 
Table 1 
Some major characteristics of the examined soils 
Number, origin and type of soil pH CaCO, 
% 
Sed imentab le 
part 
( < 0.02 m m ) 
% (L%) 
Initial AL- and 
Nu 1 IC0 3-soluble 
phosphorus c o n t e n t 
mg P2O5 /100 g soil 
l . Karcag — meadow chernozem 6 . 2 7 8 1 . 5 1 . 2 
2 . Keszthely — Raman brown forest 
soil 6 . 7 — 5 0 2 . 6 1 . 2 
3 . Mosonmagyaróvár — Danube allu-
vium 7 . 9 2 3 . 0 4 5 1 3 . 3 2 . 9 
4 . Nagykanizsa — clay infiltrated brown 
forest soil 5 . 6 — 5 0 3 . 5 2 . 6 
5 . Kompolt — chernozem brown forest 
soil 5 . 6 — 7 1 4 . 0 3 . 2 
6 . Kecskemét — mantel sand 7 . 9 4 . 1 1 1 1 0 . 6 1 . 8 
7 . Martonvásár — forest residue cher-
nozem 7 . 7 1 . 1 6 2 5 . 2 2 . 0 
8 . Putnok — chernozem brown forest 
soil 6 . 5 — 7 0 1 . 8 2 . 0 
9 . Nagyhörcsög -— lime coated cher-
nozem 7 . 8 4 . 5 5 3 5 . 6 1 . 7 
R e s u l t s 
Model construction. D e v i a t i o n s i n t h e regress ion f u n c t i o n s f r o m t h e 
m e a s u r i n g p o i n t s will b e m i n i m i z e d on t h e h a s i s of t h e l o n g k n o w n * p r i n c i p l e 
of l e a s t s q u a r e s . I n t h e p r e s e n t case t h e m e t h o d can be a p p l i e d in t h e f o l l o w i n g 
w a y . T h e p h o s p h o r u s c o n t e n t s у,- of t h e so i l s d e t e r m i n e d a t a t i m e x a r e g i v e n 
(i 1, . . 4 ) . T h e a i m is t o e s t ab l i sh c o n t i n u o u s f u n c t i o n s a d j u s t e d i n t h e 
b e s t poss ib le w a y t o t h e d i s c r e t e p o i n t s x,, у,- for t h e d i f f e r e n t a m o u n t s of 
p h o s p h o r u s a p p l i e d . 
* The least square method w as used by Gauss in 1794 to estimate the errors of not 
exactly known numerical values (WussiNG 1976). 
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Let t h e regression f u n c t i o n he an i m p l i c i t f u n c t i o n of t h e fo rm 
y = f ( x , a, b, c) 
where y is t h e d e p e n d e n t a n d x t h e i n d e p e n d e n t var iab le , a n d a, b, с are p a r a m -
eters . T h e n w i t h the l eas t s q u a r e m e t h o d w e can d e t e r m i n e those a, b a n d с 
p a r a m e t e r s f o r which t h e s u m 
4 
2 m b'l - f ( x , a, b, c)] 2 ->- min (1) 
í=i 
is a m i n i m u m , if t he w, w e i g h t s are p r o p e r l y chosen (LIN'INIK 1962). T h e a b o v e 
is, n a t u r a l l y , a l so t rue in g e n e r a l , when t is a vec tor v a r i a b l e , and t h e a, b, с 
p a r a m e t e r s a r e replaced b y a , , a.,, . . . , ak a n d i = 1, . . . , n. In a f a v o u r a b l e 
case it is p o s s i b l e to c o n s t r u c t a mode l w h o s e p a r a m e t e r s desc r ibe t h e c h a r a c -
ter is t ics g i v e n b y us: t h e a m o u n t of p h o s p h o r u s a p p l i e d , t h e p H a n d t h e 
s e d i m e n t a b l e p a r t ( L % ) . 
The reg ress ion f u n c t i o n s requ i red a r e t h e s o l u t i o n s of t he o r d i n a r y 
d i f fe ren t ia l e q u a t i o n 
y ' = ~ h c (2) 
whe re 
c = l g d - l g 2 . 8 (3) 
a n d d 280 , 28 and 2.8 m g , t h a t is, t h e a m o u n t s of p h o s p h o r u s added t o t h e 
soil . Tn m o d e l (2) t he d a n d t h e t r a n s f o r m e d b u t p e r f e c t l y iden t i ca l с p a r a m -
e t e r co r r ec t l y describe t h e c h a n g e in t h e p h o s p h o r u s c o n t e n t s of t h e so i l s . 
T h e so lu t ions of t h e d i f f e r e n t i a l e q u a t i o n (2) are: 
W h e n с = 2 , (d 280 m g ) , у ^ 0: 
d y = b I dx 
у
2
 J 
1 
У 
— - bx 
1 
t h a t is у — — — . (4) 
a + bx 
W h e n с = 1, (d = 28 mg), у ^ 0: 
j ~ d y = b j d x 
or In у = — b x + к 
t h a t is у = ае~ Ь х (5) 
w h e r e a = e ' \ 
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W h e n с = 0, (d = 2 .8 mg) : 
j dy = —b j dx 
t h a t is у = a — bx . (6) 
T h e so lu t ions of (2) f o r m a f a m i l y of curves i n all t h r e e cases . T h e correct 
i n t e g r a l c u r v e has t o h e se lec ted f r o m t h e f a m i l y of curves , t h a t is, t h e a 
p a r a m e t e r m u s t be f i x e d b y s u b s t i t u t i n g f u n c t i o n (4), (5) or (6) for t h e 
f ( x , a, b, c) f u n c t i o n in (1), a n d t h e rea l iza t ion of cond i t i on (1) m u s t he ob-
t a i n e d f o r all v a l u e s of i a t w 1 . 
I n t h e case of f u n c t i o n (6) t h e leas t s q u a r e m e t h o d gives a n unb i a sed 
e s t i m a t o r (VINCZE 1971) . F u n c t i o n s (4) and (5) c a n he l inear ized b y t r a n s -
f o r m a t i o n , t h a t is, w r i t t e n d o w n in t h e f o r m of 1/y = a + bx or In у — 
= In a — bx, fo r w h i c h t h e s a m e ho lds as for (6). 
T h e a and b p a r a m e t e r s of f u n c t i o n s (4), (5) a n d (6) c h a r a c t e r i z e t h e 
L % a n d p H of t h e soils. These cha rac t e r i s t i c s do n o t show s u c h s h a r p dif-
f e rences in p r ac t i ce as t h e y show in t h e o r y , in s p i t e of t h e f r e q u e n t errors 
in m e a s u r i n g . T h u s , e v e n in t h e p r e s e n t case t h i s t y p e of a g r e e m e n t b e t w e e n 
p a r a m e t e r s a and b c a n only be a c h i e v e d heu r i s t i c a l l y . 
Heuristic grouping of soils. T h e soils m u s t f i r s t be s u i t a b l y g r o u p e d . 
T h e f u n c t i o n s of F i g s 1 a n d 2 sugges t an obv ious w a y of a r r a n g e m e n t . Le t us 
m a r k t h e groups w i t h t h e cap i t a l l e t t e r s А, В, C, e t c . ; in t h e b r a c k e t s , f i r s t 
t h e n u m b e r s of t h e e l e m e n t s in t h e g roup a n d a f t e r t h e v e r t i c a l l ine t he i r 
p H a n d L % v a l u e s a r e given. Of t h e p H va lues c o n c e r n e d 5.6, 5 .7 a n d 6.2 
a re ca l led low, 6.5 a n d 6.7 m e d i u m a n d 7.7, 7.8 a n d 7.9 high p H va lues . I n 
e x a c t l y t h e s a m e w a y low, m e d i u m a n d high L % soils are t h o s e w i t h t h e fol-
lowing L % v a l u e s : 11; 45, 50, 53 a n d 62; 70, 71 a n d 78. F u r t h e r , le t us call 
t h e a a n d b p a r a m e t e r s w i th in a p a r t i c u l a r p h o s p h o r u s dose and series of p a r a m -
eters low, m e d i u m a n d h igh . L e t us e x a m i n e t h e c o m p a r a t i v e v a l u e s of t h e 
о a n d b p a r a m e t e r s w i t h i n t h e g r o u p s fo r t h e t h r e e d i f f e r e n t r a t e s of p h o s p h o r u s 
a p p l i c a t i o n . 
I n t h e case of so lven t A L : 
A = {6; 9 7 . 9 — 1 1 ; 7.8 — 53} Soils of h igh p H a n d low, m e d i u m L % 
v a l u e . 
В = | 2 ; 3; 7 j 6 .7 — 50 ; 7.9 — 4 5 ; 7.7 — 62} Soils of high, m e d i u m p H , 
a n d m e d i u m L % . 
С = {1; 4 ; 5; 8 6 .2 — 78; 5.6 — 50; 5.6 — 71; 6 .5 — 70} Soils of low, 
m e d i u m p H , a n d m e d i u m , h i g h L % . 
W i t h a p h o s p h o r u s r a t e of 280 m g t h e e l e m e n t s of g r o u p s А , В a n d С 
s h o w a close i n t e r c o n n e c t i o n . T h e a a n d b p a r a m e t e r s increase s i m u l t a n e o u s l y 
and r e s u l t in a g r o u p o rde r А, В , С (Table 2). T h e a p a r a m e t e r s of t he soil 
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g r o u p s c h a r a c t e r i z e t h e L % , t h e b p a r a m e t e r s t h e p H v a l u e s of t h e soils 
( T a b l e 4 ) . 
W i t h a p h o s p h o r u s r a t e of 2 8 m g i n t h e a p a r a m e t e r t h e e l e m e n t s of 
g r o u p s A a n d С s h o w a close, a n d t h o s e of g r o u p В a s a t i s f a c t o r y i n t e r c o n n e c -
t i o n . I n t h e b p a r a m e t e r t h e i n t e r c o n n e c t i o n b e t w e e n t h e e l e m e n t s of g r o u p s 
В a n d С is u n a m b i g u o u s , whi le t h o s e of g r o u p A s h o w a s c a t t e r e d a r r a n g e -
m e n t . W i t h t h e p a r a m e t e r s t h e a g r e e m e n t of a —>• p H , b —<- L % is good. 
Fig. 7. Temporal change of AL-soluble phosphorus content in soils with an application of 280 
mg P205/100 g soil 
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W i t h a p h o s p h o r u s dose of 2 . 8 m g , in t h e c a s e of p a r a m e t e r a t h e s a m e 
ho lds f o r g r o u p s A a n d С as w i t h a p h o s p h o r u s d o s e o f 28 m g , w h i l e t h e ele-
m e n t s o f В a re d i s p e r s e d . I n p a r a m e t e r b t h e i n t e r c o n n e c t i o n b e t w e e n t h e 
e l e m e n t s of В a n d С is o n l y j u s t r e c o g n i z a b l e , w h i l e t h e e l e m e n t s o f g r o u p A 
fa l l w i d e a p a r t . H e r e t h e a g r e e m e n t o f a —>• p H is p e r f e c t , wh i l e t h a t of b -• 
L % is o n l y p a r t i a l . 
Year 1973 1974 1975 
Fig. 2. Temporal change of OLS-soluble phosphorus content in soils with an application of 
280 mg P205/100 g soil 
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Increasing order of the a and b parameters of functions in the model using AI, as solvent 
W heu funct ion y bx , d ^ 280 m g P . ,0 , /100 g soil 
Number of soil 9 3 6 2 7 8 1 4 5 
a a,- • 10" 3 3.18 3.55 3.77 3.98 3.99 4.49 4.62 4.65 5.16 
sa Su; • 10-" 2.97 4.79 0.93 1.66 4.16 2.11 2.48 1.36 2.35 
p H 7.8 7.9 7.9 6.7 7.7 6.5 6.2 5.6 5.6 
L % 53 45 1 1 50 62 70 78 50 71 
Number of soil 6 9 7 2 3 8 5 1 4 
6 = 6 , - 10 - • 0.099 0.36 0.59 1.04 1.32 1.55 1.94 1.56 2.00 
s„ sb, • 10- r ' 1.19 4.13 6.09 2.73 8.79 3.77 4.34 4.80 2.64 
p H 7.9 7.8 7.7 6.7 7.9 6.5 5.6 6.2 5.6 
L % 11 53 62 50 45 70 71 78 50 
W h e n func t ion y a • e bx, <1 28 nig P,O s ; IOO g soil 
Number of soil 1 4 8 5 2 7 9 6 3 
а и I • 10 14.31 16.24 17.71 18.47 19.42 21.62 27.06 38.33 38.96 
sa = sUi • 10- ' 14.9 15.9 7.16 13.5 8.33 6.67 20.4 2.75 2.79 
p H 6.2 5.6 6.5 5.6 6.7 7.7 7.8 7.9 7.9 
L » „ 78 50 70 71 50 62 53 11 45 
Number of soil 7 6 3 2 4 9 5 1 8 
b bj • 10 " 3 0.23 0.33 0.60 1.11 1.75 1.96 2.65 3.08 3.41 
Sb = Sbi • 10-" 3.86 0.90 0.91 5.66 13.4 10.4 10.6 15.6 6.20 
pH 7.7 7.9 7.9 6.7 5.6 7.8 5.6 6.2 6.5 
L % 62 11 45 50 50 53 71 78 70 
W lien funetiun bx. d - 2.8 mg P,0,/100g soil 
Number of soil 
a = a,•• 10° 
s„ = Suj • 10 - 1 
pH 
L % 
1 
2.16 
1.55 
6.2 
78 
8 
2.76 
0.61 
6.5 
70 
2 
4.22 
6.19 
6.7 
50 
4 
4.93 
2.03 
5.6 
50 
5 
5.15 
1.71 
5.6 
71 
7 
6.66 
3.57 
7.7 
62 
9 
7.86 
2.75 
7.8 
53 
6 
13.40 
4.93 
7.9 
11 
3 
16.44 
5.01 
7.9 
45 
Number of soil 
6 = 6 , - i o - 3 
sh shi • 10- 3 
I'M 
L % 
6 
8.77 
6.08 
7.9 
11 
4 
— 6.17 
2.50 
5.6 
50 
2 
4.94 
7.64 
6.7 
50 
5 
-3 .79 
2.11 
5.6 
71 
9 
- 1 . 1 2 
3.39 
7.8 
53 
1 
+ 0.13 
1.92 
6.2 
78 
8 
.3.80 
0.75 
6.5 
70 
7 
5.39 
4.4 L 
7.7 
62 
3 
6.51 
6.19 
7.9 
45 
Table 3 
Increasing order of the a and b parameters of functions in the model using Olsen's solvent 
M hen funct ion y — d - 280 mg P,0,/X00 g »oil 
Number of soil 
a = о,- • 10 - 3 
So; 10-
PH 
L 0 u 
Number of soil 
b = bj • 10- 5 
sb = sb, • 10 —5  
p H 
L % 
bU. Number of soil 
л 
a - dj • 10° 
ÍU. CTQ sa — Sdi • 1 0 - ' 
; s p H ; L % 
a Number of soil 
b bj • ю - 3 
sb = s&, • 10"
4 
3 pH 
СЛ 
Í 0 
3 
à' 
= 
Number of soil 
e 
a 
a — aj • 10° 
s
a
 = Sai • 1 0 - ' 
a pH 
tso L % JYJ 
s Number of soil 
Co b = 6,- • lO"3 
s6 = sb, • ю - « 
pH 
L % 
1 
9 . 6 4 
6 . 4 7 
6.2 
7 8 
4 
0 . 8 3 
1 3 . 7 
5 . 6 
5 0 
1 
1 . 9 6 
1 . 9 9 
6.2 
7 8 
9 
- 7 . 8 3 
3 . 4 9 
7 . 8 
5 3 
7 3 8 2 1 5 4 
5 . 1 8 5 . 4 5 8 . 5 8 8 . 7 8 9 . 3 3 1 0 . 9 9 1 1 . 4 2 
2 . 8 2 4 . 0 1 5 . 3 4 5 . 6 0 7 . 0 5 1 . 6 7 2 . 4 7 
7 . 7 7 . 9 6 5 6 . 7 6 . 2 5 . 6 5 . 6 
6 2 4 5 7 0 5 0 7 8 7 1 5 0 
2 8 1 6 7 3 9 
2 . 8 6 3 . 2 4 3 3 6 4 . 5 7 2 4 . 1 9 2 7 . 9 8 3 2 . 4 6 
0 . 9 9 0 . 9 9 1 . 2 9 1 . 6 3 3 . 8 4 6 . 1 1 7 . 7 9 
6 . 7 6 . 5 6 . 2 7 . 9 7 . 7 7 . 9 7 . 8 
5 0 7 0 7 8 1 1 6 2 4 5 5 3 
hen funct ion • e~bx, d = 28 nig P,,0à/10() • 
2 4 8 5 7 9 3 6 
1 1 . 3 1 1 1 . 4 2 1 2 . 0 9 1 2 . 5 9 1 3 . 4 8 1 5 . 6 6 1 8 . 9 2 2 0 . 9 7 
8 . 4 6 1 2 . 1 4 . 2 9 2 . 9 4 6 . 8 9 2 7 . 4 4 8 . 9 3 8 . 6 
6 . 7 5 . 6 6 . 5 5 . 6 7 . 7 7 . 8 7 . 9 7 . 9 
5 0 5 0 7 0 7 1 6 2 5 3 4 5 1 1 
2 5 1 7 8 3 9 6 
1 . 2 0 2 . 3 4 2 . 3 6 2 . 8 1 3 . 6 8 4 . 5 9 6 . 8 8 7 . 1 4 
9 . 9 1 3 . 3 2 9 . 5 6 7 . 5 3 5 . 5 5 4 2 . 9 3 4 . 4 3 6 . 9 
6 . 7 5 . 6 6 . 2 7 . 7 6 . 5 7 . 9 7 . 8 7 . 9 
5 0 7 1 7 8 6 2 7 0 4 5 5 3 1 1 
M hen funct ion v = a bx, d = 2.8 mg P / L / l O O g oil 
2 8 9 7 4 6 3 5 
2 . 2 3 2 . 3 6 2 . 8 7 3 . 0 7 3 . 5 5 3 . 7 9 3 . 9 9 4 . 1 8 
2 . 3 1 1 . 4 7 2 . 8 3 2 . 7 6 2 . 2 2 5 . 5 7 2 . 0 7 2 . 7 7 
6 . 7 6 . 5 7 . 8 7 . 7 5 . 6 7 . 9 7 . 9 5 . 6 
5 0 7 0 5 3 6 2 5 0 11 4 5 7 1 
3 7 4 1 5 2 6 8 
- 7 . 1 2 3 . 6 9 - 3 . 6 1 - 3 . 1 7 - 2 . 8 6 — 2 . 4 7 - 0 . 1 2 2 . 0 4 
2 . 5 5 3 . 4 1 2 . 7 4 2 . 4 6 3 . 4 2 2 . 8 5 6 . 8 7 1 . 8 1 
7 . 9 7 . 7 5 . 6 6 . 2 5 . 6 6 . 7 7 . 9 6 . 5 
4 5 6 2 5 0 7 8 7 1 5 0 1 1 7 0 
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Table 4 
Size of parameters a and b and of pH and L°0 in the three groups using AL as solvent 
Dose 280 m g 28 mg 2.8 mg 
Paramete r 
h 
G r o u p p H 
a 
ь 
A high medium 
low 
low- high 
medium 
high medium 
low 
high medium 
low 
В high 
medium 
medium medium high 
medium 
high 
medium 
medium 
low 
high 
medium 
high 
medium 
С medium 
low 
high 
medium 
high medium 
low 
low high medium 
low 
high 
medium 
low 
I n t h e case o f Olsen ' s s o l v e n t : 
A = {6 7.9 - 1 1 } Soi l s of h i g h p H a n d low L % . 
В = {1 ; 2; 8 6 .2 — 78; 6.7 — 5 0 ; 6.5 — 70} So i l s of m e d i u m a n d low p H , 
a n d m e d i u m t o h i g h L % . 
С = {4; 5 5.6 — 5 0 ; 5.6 — 7 1 } Soi ls of low p H , a n d m e d i u m t o h igh L % 
D = ( 3 ; 7; 9 I 7 . 9 — 45 ; 7.7 — 6 2 ; 7.8 — 53} So i l s of h igh p H a n d m e d i u m 
L % v a l u e . 
W i t h a 280 m g r a t e of p h o s p h o r u s f e r t i l i z a t i o n in t h e a a n d b p a r a m e t e r s 
t h e e l e m e n t s of a l l g r o u p s s h o w a close i n t e r c o n n e c t i o n , a n d t h e g r o u p s a r e 
s h a r p l y s e p a r a t e d ( T a b l e 3). A p a r t f r o m p a r a m e t e r a in g r o u p D and b in 
g r o u p A, t h e a g r e e m e n t of a —>- L % a n d b p H is p c r f c c t ( T a b l e 5). 
In t h e c a s e of a 28 m g d o s e of p h o s p h o r u s t h e e l e m e n t s of all g r o u p s 
a r e c lose ly r e l a t e d i n p a r a m e t e r a, whi le in p a r a m e t e r b t h e e l e m e n t s of C. 
Table 5 
Size of parameters a and b and of pH and L% in the different groups using Olsen s solvent 
Dose 280 m g 28 mg 2.8 mg 
Paramete r 
G r o u p p H L% 
a 
Ь 
a a Ь 
A high low high medium 
low 
high high high high 
В 
medium 
low 
high 
medium 
medium medium medium 
low 
medium 
low 
high 
low 
high 
medium 
С 
low high 
medium 
high low medium 
low 
medium 
low 
high 
medium 
medium 
D high medium low high high high 
medium 
high 
medium 
medium 
low 
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a n d D show a m e d i u m , a n d t h o s e of В a c o n s i d e r a b l y w e a k e n i n g i n t e r r e l a t i o n . 
T h e a g r e e m e n t of a —>• p H a n d b —• L % is fu l ly d i s p l a y e d by p a r a m e t e r a in 
g r o u p s A a n d D , n o t a t all b y b in g r o u p A, and p a r t l y b y t h e o t h e r p a r a m e t e r s . 
W i t h a dose of 2 .8 m g p h o s p h o r u s , in t h e a p a r a m e t e r g r o u p В shows 
a close, a n d А, С a n d D a r e l a t i v e l y loose c o n n e c t i o n , while in p a r a m e t e r b 
all g r o u p s s h o w a close i n t e r c o n n e c t i o n of t h e e l e m e n t s . The r e q u i r e m e n t of 
a —*• p H , b —*• L % is f u l l y m e t b y t h e a p a r a m e t e r in g roup A a n d b y the b 
p a r a m e t e r in g r o u p B , n o t a t all b y b in g roup A a n d a in C, a n d o n l y p a r t l y 
b y t h e o t h e r p a r a m e t e r s n o t m e n t i o n e d so fa r . 
Computer observations. F o r c u r v e f i t t i n g we modi f i ed t h e C U K F I T 
p r o g r a m m e f r o m t h e p r o g r a m m e col lec t ion of t h e M T A S z T A K I CDC-3300 
m a c h i n e , s ince t h e or ig ina l p r o g r a m m e has t h e d i s a d v a n t a g e of b e i n g highly 
s e n s i t i v e t o w h a t in i t i a l p a r a m e t e r s a r e given a n d is c o n s e q u e n t l y v e r y diffi-
cu l t t o s t a r t u p . If t h e in i t ia l v a l u e s a re no t s u i t a b l y chosen t h e i t e r a t i o n will 
n o t c o n v e r g e . I t is u s e f u l t o i nc lude a s u b r o u t i n e t o c a l c u l a t e t he i n i t i a l p a r a m -
e t e r s f r o m t h e m e a s u r e d d a t a of xi; у,- d e p e n d s on t h e process u n d e r e x a m i n a -
t i o n a n d t h e n u m b e r of p a r a m e t e r s . I n t h e p r e s e n t case a good r e s u l t was 
o b t a i n e d w i t h in i t i a l p a r a m e t e r s c a l c u l a t e d f r o m t h e va lue of t h e f u n c t i o n 
d e t e r m i n e d a t t h e p o i n t x, = 10 on t h e line c o n n e c t i n g t h e у,- v a l u e s corre-
s p o n d i n g t o d a t e s Xj = 1 a n d 27, as well as f r o m f u n c t i o n va lues m e a s u r e d in 
t h e xi = 8 4 t h week . 
T a h l e 6 is a r e su l t s h o a r d w h e r e x and у a r e t h e m e a s u r e d Xj and у,-
v a l u e s , 
F U N C T I O N ( h e r e a f t e r / ) t h e v a l u e s of f u n c t i o n у = . . . , 
A B S . D I F F . = у — f 
R E L . D I F F . = I z J 
f 
(*) W E I G H T E D V A R I A N C E = J = 1 w h e r e n is t h e n u m b e r 
n к 
of p o i n t s m e a s u r e d , к t h e n u m b e r of v a r i a b l e - f i x e d p a r a m e t e r s . 
V A R I A N C E = (*) if wt = 1, (i = 1, . . . , n) 
P A R A M 1 a 
P A R A M 2 = b 
L e t us see w h i c h t h e o r e t i c a l v a l u e s ou t s ide t h e hx and A, l i m i t s differ 
s i g n i f i c a n t l y f r o m a, t h e a c t u a l s t a n d a r d d e v i a t i o n of p a r a m e t e r s a and b 
at a g iven P % p r o b a b i l i t y level . F r o m PREKOPA'S (1974) f i r s t t he s i s i t follows 
n 1 
t h a t , a s s u m i n g a m a s s w i t h a d i s t r i b u t i o n of N (m, a) , - • s 2 is also 
e-
a r a n d o m v a r i a b l e w i t h n — 1 degrees of f r e e d o m a n d a d i s t r i b u t i o n of y 2 . 
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Table 6 
Results board of soil No. 8 using AL solvent. Regression function : y = a • e "x. phosphorus 
application : 28 mg 
PROB I.EM 82 
POINT X(l) F U N C T I O N ABS. DIFF. REL. DIFF. 
1 1 .OOOOOOE 00 1.750000E 01 1.765255E01 1.525483E-01 - 0 . 0 0 9 
2 2.700000E 01 1.680000E 01 1.615168E 01 6.483170E-01 .040 
3 8.400000E 01 1.260000E 01 1.329283E 01 - 6.928298E-01 0.052 
4 1.360000E 02 1.190000E 01 1.112854E 01 7.714601E-01 .069 
INVERSE OF P MATRIX 
6.763467E-01 4.001710E-04 
4.001710E-04 5.062348E-07 
VARIANCE = 7.593749E-01 WEIGHTED VARIANCE 7.593749F.-0I 
PARAM 1 = 1.77129797E-01 STANDARD ERROR --. 7.16659E-01 
PARAM 2 = 3.41753468E-03 STANDARD ERROR - 6.20018E-04 
T h u s , t h e c o n f i d e n c e l i m i t s f o r t h e s t a n d a r d d e v i a t i o n s of e r r o r can b e 
g i v e n b y t h e f o r m u l a e (SVÁB 1 9 7 3 ) : 
In t h e p r e s e n t c a s e F G = 14, s i n c e m e t h o d (1) u s e d 15 d i f f e r e n t p a r a m e t e r s . 
A t a P - 5 % p r o b a b i l i t y of e r r o r h1 = 0 .732 • s a n d h., = 1 . 5 7 7 • s, w h i l e 
a t P = 2 % h1 0 . 6 9 3 • s and h2 = 1.733 • s, w h e r e .s r e p r e s e n t s t h e s t a n d a r d 
d e v i a t i o n s sa a n d Sb in Tab les 2 a n d 3, r e s p e c t i v e l y . 
Agrochemical observations. A t t h e t i m e x - 0, f u n c t i o n (4) a s s u m e s 
t h e f o r m y = ~ = a', while f u n c t i o n s (5) a n d (6) a s s u m e t h e f o r m y a. 
P a r a m e t e r a t h u s i n d i c a t e s t h e A L - or N a H C O . s - s o l u b l e p h o s p h o r u s c o n t e n t 
m e a s u r e d a t t h e p o i n t of t i m e x = 0 , and has t h e d i m e n s i o n s i n g P. ,0 5 /100 g 
so i l . I t c an be s e e n t h a t t h e p a r a m e t e r t h u s o b t a i n e d gives t h e i n i t i a l v a l u e s 
of t h e r e s p e c t i v e f u n c t i o n s . I t s h o u l d he n o t e d t h a t a f t e r p h o s p h o r u s a p p l i c a -
t i o n t h e r e a d i l y s o l u b l e p h o s p h o r u s c o n t e n t s h o w s a s i m i l a r b e h a v i o u r t o 
t h a t of t h e l ab i l e p h o s p h o r u s ; n a m e l y , a f e w h o u r s a f t e r t h e p h o s p h o r u s is 
i n t r o d u c e d i n to t h e soil a c o m p a r a t i v e e q u i l i b r i u m is set u p . A c h a n g e in t h i s 
e q u i l i b r i u m , t h e t r a n s f o r m a t i o n o f l ab i le p h o s p h o r u s i n t o a n o n - l a b i l e f o r m , 
h o w e v e r , t a k e s m u c h m o r e t i m e , m o n t h s or e v e n y e a r s . T h e f i r s t a n a l y s i s 
w a s p e r f o r m e d a w e e k a f t e r t h e p h o s p h o r u s a p p l i c a t i o n so t h e m a t h e m a t i c a l 
h. = s 
FG 
a n d 
1 
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c o r r e l a t i o n s g iven p r e v i o u s l y d id n o t descr ibe t h e c h a n g e of s o l u b i l i t y t a k i n g 
p l a c e in t h e f i r s t h o u r s . F r o m a p r a c t i c a l po in t of v i e w , t h e slower c h a n g e s arc 
p r i m a r i l y of i m p o r t a n c e . A c c o r d i n g l y , t h e va lue d e t e r m i n e d at t h e po in t of 
t i m e X =- 0 is on ly t h e ini t ia l v a l u e of t h e s lower c h a n g e , which is descr ibed 
b y t h e f u n c t i o n s . 
T a b l e s 2 a n d 3 show t h a t t h e v a l u e s a a n d a' r ise wi th t h e a m o u n t of 
p h o s p h o r u s app l i ed , a n d th i s i nc r ea se is re la ted t o t h e p H and t h e m e c h a n i c a l 
s t r u c t u r e of t h e soil ( L % ) . F o r t h e t h r e e p h o s p h o r u s doses e x a m i n e d a n d for 
b o t h so lven t s it ho lds t r u e t h a t soils of h ighe r p H a n d c o a r s e r t e x t u r e 
h a v e h i g h e r a v a l u e s t h a n t h e h e a v i e r soils w i t h l o w e r p H . 
P a r a m e t e r b, i nc luded in f u n c t i o n s (4), (5) a n d (6), gives t h e decrease 
of s o l u b i l i t y per u n i t t i m e . I t s d i m e n s i o n s arc m g P , 0 5 / w e e k , and i t is accord-
ingly ca l led t h e v e l o c i t y c o n s t a n t f o r t h e decrease in so lubi l i ty . As seen f r o m 
T a b l e s 2 and 3, b is p r i m a r i l y p H - d e p e n d e n t ; f u r t h e r , this p H d e p e n d e n c e 
t u r n s o u t t o he of o p p o s i t e m e a n i n g w i t h t h e t w o s o l v e n t s . W h e n A L is used 
as s o l v e n t h igh p H soils show l o w e r va lues fo r b, whe reas w i t h N a H C 0 3 
h i g h e r b va lues a re o b t a i n e d in h igh p H t h a n in l ow p H soils. I n o t h e r words , 
t h e A L - s o l u b l e p h o s p h o r u s c o n t e n t decreases a t a m u c h slower r a t e in high 
p H c a r b o n a t e soils t h a n in low p H soils l ack ing c a r b o n a t e s . T h e d e c r e a s e of 
t h e N a H C O g - s o l u h l e p h o s p h o r u s c o n t e n t , on t h e o t h e r h a n d , is m u c h more 
r a p i d i n t h e h igh p H c a r b o n a t e soils t h a n in lower p H soils n o t c o n t a i n i n g 
c a r b o n a t e s . This is seen p a r t i c u l a r l y in t h e case of t h e 280 mg p h o s p h o r u s 
a p p l i c a t i o n . P h o s p h o r u s doses a p p l i e d in p rac t i ce r a n g e f r o m 2 .8 t o 28 mg 
P 2 O 5 / 1 0 ° g soil. 
A c c o r d i n g t o e x p e r i m e n t a l d a t a no t given h e r e in deta i l , t h e f a s t e r r a t e 
of d e c r e a s e in t h e NaHCO. j - so lub le p h o s p h o r u s c o n t e n t s in high p H c a r b o n a t e 
soils c a n he e x p l a i n e d b y t h e fac t t h a t t h e read i ly so lub l e ca lc ium p h o s p h a t e s 
f o r m e d u n d e r t h e i n f l u e n c e of p h o s p h o r u s a p p l i c a t i o n a rc t r a n s f o r m e d com-
p a r a t i v e l y qu ick ly i n t o less so lub le ca lc ium p h o s p h a t e s . Whi le t h e f o r m e r 
p h o s p h o r u s c o m p o u n d s dissolve in a so lu t ion of NaHCO. , , t he l a t t e r do no t . 
Bv c o n t r a s t , t h e A L so lven t d isso lves b o t h t y p e s of p h o s p h a t e c o m p o u n d . 
I t is d u e t o th is t h a t in c a r b o n a t e soils t h e N a H C 0 3 - s o l u b l e p h o s p h o r u s con-
t e n t dec reases a t a m u c h f a s t e r r a t e t h a n t h e A L - s o l u b l e c o n t e n t . I n soils 
n o t c o n t a i n i n g c a r b o n a t e , a l t h o u g h t h e r e is a d i f f e r e n c e in t h e r a t e a t which 
t h e s o l u b i l i t y d e t e r m i n e d wi th t h e t w o so lvents dec reases , it is n o t u sua l l y 
s i g n i f i c a n t . 
I n t h e course of f u r t h e r i n v e s t i g a t i o n s t h e fo l l owing ques t ions i n a y ar ise : 
w h i c h of t h e so lven t s g ives t h e bes t i n d i c a t i o n of t h e c h a n g e in t h e p h o s p h o r u s 
c o n t e n t ava i l ab le t o t h e p l a n t ? Is i t poss ib le to give a m u t u a l l y u n a m b i g u o u s 
t r a n s f o r m a t i o n b e t w e e n p a r a m e t e r a ( p a r a m e t e r b) a n d t h e p H - v a l u e or 
s e d i m e n t a b l e p a r t ( L % ) of t h e soils, o r b e t w e e n a l i nea r c o m b i n a t i o n of t h e 
l a t t e r t w o ? 
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A NEW METHOD FOR DETERMINING 
SELF-FERTILITY IN PLUM VARIETIES 
By 
D . SlTRANYI 
F R U I T R E S E A R C H S T A T I O N , C E G L É D 
The author has examined 17 self-fertile, 7 partially self-fertile, 7 practically 
self-sterile and 23 self-sterile plum varieties. On the basis of the length of pistil, number 
of functional stamina, the quotient of these (SN/PL) and the average length of inter-
node he found differences between the fertility groups. Pistils are the longest in par-
tially self-fertile and somewhat shorter in self-fertile plum varieties; self-sterile and 
practically self-sterile varieties are characterized by short pistils. The situation is re-
versed as regards the number of stamina: self-sterile plum varieties have the largest 
number of stamina. The examination of varieties by group has confirmed that the 
quotient is suitable for characterizing the extent of self-fertility: the quotient of par-
tially self-fertile varieties is lower than optimum (1.84 pc/mm), while in practically 
self-sterile and self-sterile varieties the quotient ranges between 2.24 and 2.35 pc/mm, 
i. e. the relative number of stamina is higher than optimum. The value of the quotient 
is the numerical expression of sexual correlation. On the basis of 1620 flowers, there is 
a significant negative correlation between pistil length and the number of functional 
stamina. In a mid-summer survey of shoots, we found a correlation demonstrable 
at a 2% level between the quotient and the average length of internode (r = -(-0.259). 
Finally, the quotient and the average length of internode in the shoots are parameters 
apparently suitable for characterizing the self-fertility of plum. The method is simple 
and easy to apply, so that a large number of plum varieties, prospective varieties 
(selected or introduced), hybrids or perhaps rootstock populations can be examined 
within a short time. 
Introduct ion 
F r o m A c o m p r e h e n s i v e e v a l u a t i o n of 122 v a r i e t i e s p u b l i s h e d b y DAHL 
(1935) , m a n y n e w r e s u l t s h a v e b e e n o b t a i n e d in t h e c o u r s e of d a t a p r o c e s s i n g . 
T h e r e a r e s u b s t a n t i a l d i f f e r e n c e s b e t w e e n t h e s e l f - f e r t i l e , p a r t i a l l y se l f - f e r t i l e 
a n d se l f - s t e r i l e p l u m v a r i e t i e s in t h e l e n g t h of p e d u n c l e , l e n g t h of p i s t i l , a n d 
size of s e p a l s a n d p e t a l s . A close p o s i t i v e c o r r e l a t i o n h a s b e e n f o u n d b e t w e e n 
t h e l e n g t h of p e d u n c l e a n d l e n g t h of p i s t i l . 
TÓTH (1975) is p e r f e c t l y r i g h t w h e n , in o p p o s i t i o n t o RÉMY (1954) a n d 
KÖDER (1940) , he d o u b t s w h e t h e r t h e r e l a t i v e p o s i t i o n of t h e a n t h e r a n d t h e 
s t i g m a is c h a r a c t e r i s t i c of t h e f e r t i l i t y c o n d i t i o n s . 
T h i s c o n c e p t i o n h a s r e c e n t l y b e e n r e v i v e d b y GRZYB—ZAGAJA (1975) , 
t h o u g h t h e a c t u a l v a l u e of t h e i r p a p e r is g iven b y t h e e x a m i n a t i o n of f l o w e r 
s t r u c t u r e as a f u n c t i o n of t h e r o o t s t o c k . T h e r e is a p o s i t i v e c o r r e l a t i o n b e t w e e n 
s t y l u s l e n g t h a n d f r u i t s e t t i n g , t h a t is , t h e good r o o t s t o c k s a re t h o s e o n w h i c h 
t h e " O l a s z k é k " f l o w e r s h a v e l o n g e r p i s t i l s . 
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TÓTH (1957) m a d e o b s e r v a t i o n s on n e a r l y 100 var ie t i es f o r severa l yea r s . 
I n th is and l a t e r p u b l i c a t i o n s (TÓTH 1967, 1968) , he d e m o n s t r a t e d t h a t t h e 
se l f - fe r t i l i ty of p l u m v a r i e t i e s is a gene t i ca l ly f i x e d f e a t u r e . F r o m TÓTH'S 
(1957) resul t a f u r t h e r c o n c l u s i o n can he d r a w n , n a m e l y , t h a t t h e pet io le is 
s i g n i f i c a n t l y l o n g e r in se l f - s te r i le t h a n in se l f - fe r t i l e a n d p a r t i a l l y self-fer t i le 
va r i e t i e s , and is t h u s a s e l ec t i ve c h a r a c t e r . 
H A S K E L L — D o w ( 1 9 5 5 ) a n d M O R R I S O N ( 1 9 6 4 ) r e p o r t e d t h a t t h e n u m b e r 
of s t a m i n a is a c o n s t a n t c h a r a c t e r h a r d l y m o d i f i e d b y c l ima to log ica l f ac to r s 
a n d geograph ica l s i t u a t i o n . MORRISON (1964) gave a s u r v e y of t h e genus 
Prunus; a c c o r d i n g to our o w n ca lcu la t ions f o r t h e genus , t h e p lo idy level 
a n d t h e n u m b e r of s t a m i n a s h o w a nega t i ve c o r r e l a t i o n . 
TÓTH (1975) gave a f u l l s u m m a r i z a t i o n of t h e f e r t i l i t y r e l a t i o n s of p l u m 
v a r i e t i e s . The " A l u t s c h a " 1/15 c l o n e is f ema le s t e r i l e as i n d i c a t e d b y t h e l e n g t h 
of t h e f lower p e d u n c l e (SURÁNYI—TÓTH 1976) , whi le o t h e r va r i e t i e s (e.g. 
" E s p e r e n a r a n y s z i l v á j a " , " K é k d a t o l y a " , " T u l e n g r a s " ) a r e ma le s ter i le . 
M o s t self-steri le p l u m s are a u t o - i n c o m p a t i b l e ; i n t e r - i n c o m p a t i b i l i t y can be 
p o i n t e d out in o n l y a few c a s e s TÓTH 1975). 
The op in ion of KOBEL (1954) and TÓTH (1975) is c o n f i r m e d b y t h e in-
v e s t i g a t i o n s c a r r i e d out a t C e g l é d . The r e l a t i v e n u m b e r of s t a m i n a (quo t i en t ) 
h a s proved t o b e m o r e s u i t a b l e f o r c h a r a c t e r i z i n g t h e f e r t i l i t y r e l a t ions t h a n 
t h e i n t e r r e l a t i o n of an the r s a n d p is t i l . A h igh v a l u e of t h e q u o t i e n t ( n u m b e r 
of s t a m i n a p e r 1 m m of p is t i l ) sugges t s t h a t t h e v a r i e t y in q u e s t i o n is self-
s t e r i l e (SURÁNYI 1970, 1971a) . 
In the m e a n t i m e t h e q u o t i e n t in some spec ies has been f o u n d to be low 
( t h e f lowers a r e of f e m i n i n e c h a r a c t e r , e .g. a l m o n d , a l m o n d p e a c h ) , whi le 
i n o t h e r s it is v e r y high ( the f l o w e r s are of m a s c u l i n e c h a r a c t e r , e .g. sweet a n d 
s o u r cherry , m a h a l e b ) . On t h e h a s i s of t he q u o t i e n t no t on ly t h e species h u t 
a l s o t h e va r i e t i e s can be t y p i f i e d (SURÁNYI 1974). 
This p h e n o m e n o n can b e exp la ined b y t h e close n e g a t i v e cor re la t ion 
d e m o n s t r a b l e b e t w e e n the m a c r o - and m i c r o p h y l l ; t h e r eg re s s ion t r e n d is 
m u c h sha rpe r in self-fer t i le t h a n in se l f -s ter i le va r i e t i e s (SURÁNYI 1973). 
Twin-p i s t i l l ed fo rms ( b i c a r p y ) , t h e p o l y p h y l l y of t h e p is t i l ( po lyca rpy ) 
( e .g . Kirke) a n d a smal ler or l a r g e r e x t e n t of s t a m i n a l p h y l l o d y ( s t a m i n o d i a ) 
c a n easily be e x p l a i n e d bv t h e s e x u a l co r re l a t ion (SURÁNYI 1972). T h e re la t ion 
of s h o o t and f l o w e r o r g a n i z a t i o n in t h e v a r i e t i e s " B e s z t e r c e i s z i l v a " and 
" J e r u z s á l e m i k é k " is b i o i n e t r i c a l l y d e m o n s t r a b l e (SURÁNYI 1971b) . 
On the b a s i s of e x a m i n a t i o n s p e r f o r m e d b y BESENDE (1967) on Bryo-
phyllum t he v e g e t a t i v e c h a r a c t e r of f lower o r g a n s seems to d i f f e r , decreas ing 
i n t h e order c a l y x —>• g y n o e c e u m —>• corolla —>- a n d r o e c e u m . T h e sepa l has the 
s t r o n g e s t shoot c h a r a c t e r of a l l , h u t t h e pistil is a lso more l ike a s h o o t t h a n a re 
t h e pe ta l s and s t a m i n a . In f a c t , in f luences a d v a n t a g e o u s t o t h e g r o w t h proc-
esses exert a f a v o u r a b l e e f f e c t p r imar i l y on t h e size of t h e sepa l s and on 
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t h e s i ze a n d n u m b e r of pist i ls . F o r e x a m p l e : w e f o u n d t h a t a l p h a - n a p h t h y l -
a c e t i c a c i d t r e a t m e n t o n " B e s z t e r c e i s z i l v a " a n d m o n i l i a i n f e c t i o n t o " M a g y a r 
k a j s z i " t r e e s i n c r e a s e d t h e f e m a l e c h a r a c t e r of t h e f l o w e r s (SURÁNYI 1975, 
1977) . I n t h e l a t t e r c a s e t h e m y c e l i a i n t r o d u c e a s t i m u l a t o r ca l l ed s c l e r o t i n i n e 
i n t o t h e a p r i c o t t r e e s . 
I n t h e p r e s e n t p a p e r a s u m m a r y is g iven of t h e s exua l r e l a t i o n s of p l u m 
v a r i e t i e s , w h i c h is of c o n s i d e r a b l e i m p o r t a n c e f r o m t h e p o i n t of v i e w of v a r i e t y 
e v a l u a t i o n ( m e t h o d o l o g y ) and s e l e c t i o n ( b r e e d i n g ) . 
M a t e r i a l a n d m e t h o d 
The flowers were collected arid the surveys w:ere made according to a method previously 
described in detail (SURÁNYI 1970, 1973, 1974). The pistil length was measured in 30 completely 
open flowers of each of 54 plum varieties and the functional stamina in each flower were count-
ed. The number of stamina per 1 mm of pistil length, i.e. the quotient, was obtained by simple 
division. 
On 14th July 10 shoots were collected from each plum variety and the average length 
of the irrternodes was determined from the length of the shoot and the number of internodes. 
From the point of view of self-fertility, the varieties showed the following distribution: 
17 were found to be self-fertile, 7 partially self-fertile, 7 practically self-sterile and 23 self-
sterile: in classifying the varieties, we relied on the results obtained by TÓTH (1975). 
The pistil length, starrren number, quotient atrd interrrode length of the plum varieties 
were evaluated by analysis of variance, and from the averages of the varieties further cal-
culations were made with a varying number of replications. 
The study includes a total of 1620 flower data; the frequency distribution for pistil 
length and stamen number was also examined. We used the Chi2-test to check whether the 
basic data of sexual correlation really show a normal distribution. 
The correlation of pistil length and stamen number for each flower was determined 
by linear regression analysis; the r-values obtained from the ChiL'-test and the equation of the 
linear correlation were almost identical, so no non-linear regression analysis was performed. 
An important objective of our work was to study the relationship between shoot and 
flower organization. It was for this reason tha t we calculated the correlation between the quo-
tient and the average length of internode for the 54 varieties, since if a correlation of this 
kind could be pointed out, the length of the internode might also be of importance in selection. 
R e s u l t s 
T h e d a t a of t h e 54 p l u m v a r i e t i e s e x a m i n e d a r e s h o w n in T a b l e 1, a c c o r d -
ing t o t h e c a t e g o r i e s se t u p b y TÓTH (1975) . I n t h e se l f - fe r t i l e p l u m v a r i e t i e s 
pis t i l l e n g t h a n d s t a m e n n u m b e r s h o w a c o n s i d e r a b l e v a r i a t i o n , w h i l e t h e 
q u o t i e n t is f a i r l y s t e a d y . In t h e v a r i e t i e s " B e s z t e r c e i s z i l v a " a n d " B e s z t e r c e i 
m u s k o t á l y " t h e r e l a t i v e n u m b e r of s t a m i n a is r e m a r k a b l y l o w ; in t h e o t h e r 
s e l f - f e r t i l e v a r i e t i e s t h e q u o t i e n t r a n g e s f r o m 1 . 7 0 t o 2 .66 p c / m m . 
T h e smal l n u m b e r of p a r t i a l l y se l f - f e r t i l e v a r i e t i e s a p p e a r s t o h e i n s u f f i -
c ien t t o c h a r a c t e r i z e t h e g roup , b u t i t m a y c e r t a i n l y b e n o t e d t h a t t h e r e l a t i v e 
s t a m e n n u m b e r of t h e s e p l u m v a r i e t i e s is less t h a n t h a t of t h e s e l f - f e r t i l e ones . 
T h e n u m b e r of s t a m i n a is g e n e r a l l y l o w in t h e f l o w e r s of t h e 7 v a r i e t i e s , w i t h 
t h e s i n g l e e x c e p t i o n of " L ő w e n i s z é p " , as is c l e a r l y r e f l e c t e d in t h e q u o t i e n t . 
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T h e average l e n g t h of t h e i n t e r n o d e is h ighes t in t h e pa r t i a l ly se l f - fe r t i l e p l u m 
va r i e t i e s as c o m p a r e d to t h e o t h e r t h r e e g r o u p s . 
The p r a c t i c a l l y self-ster i le va r i e t i e s h a v e t h e sho r t e s t p is t i l s of all, a 
r e l a t i v e l y la rge n u m b e r of s t a m i n a , a n d c o n s e q u e n t l y a high q u o t i e n t va lue . 
A r e m a r k a b l y low v a r i a t i o n is s h o w n by t h e l e n g t h of t h e i n t e r n o d e , which 
r a n g e s f r o m 1.81 t o 2.58. 
The se l f - s te r i le p l u m va r i e t i e s , 23 in n u m b e r , m a d e a t h o r o u g h ana lys i s 
poss ib le . Bes ides va r i e t i e s w i t h e x t r e m e l y s h o r t pis t i ls , t h e p is t i l s of some 
v a r i e t i e s in t h i s g r o u p are long . I n t h e va r i e t i e s " P a c i f i c " , " V ö r ö s n e k t a r i n " 
a n d " W a s h i n g t o n " t h e n u m b e r of s t a m i n a is less t h a n 23, while in t h e o the r 
va r i e t i e s it e x c e e d s th i s n u m b e r . E x t r a o r d i n a r i l y low q u o t i e n t s w e r e o b t a i n e d 
in t h e var ie t i es " P a c i f i c " a n d " W a s h i n g t o n " . T h e l e n g t h of t h e i n t e r n o d e is 
m o r e t h a n 2 c m in m o s t se l f -s ter i le p l u m v a r i e t i e s , excep t for t w o ( " A l u t s c h a " 
a n d " d ' l t a l i a " ) w h i c h have d e c i d e d l y sho r t i n t e r n o d e s (Table 1). 
W e h a v e m e n t i o n e d in s e v e r a l p u b l i c a t i o n s t h e necess i ty of e x a m i n i n g 
t h e quo t i en t f o r app l i cab i l i t y in p r ac t i c e . F o r t h i s p u r p o s e we t h o u g h t it 
b e s t to m a k e a c o m p a r i s o n b e t w e e n t h e q u o t i e n t v a l u e s o b t a i n e d a n d t h e self-
f e r t i l i t y d a t a . P i s t i l s are t h e longes t in t h e p a r t i a l l y self-fer t i le a n d s o m e w h a t 
s h o r t e r in t h e c o m p l e t e l y se l f - fe r t i l e va r i e t i e s . I n t h e self-steri le v a r i e t i e s t h e 
p i s t i l s are n o t s i g n i f i c a n t l y s h o r t e r t h a n in se l f - s te r i le p l u m s , b u t a r e m o r e fu l ly 
deve loped in c o m p a r i s o n to t h o s e of t h e p r a c t i c a l l y self-steri le v a r i e t i e s . 
The n u m b e r of f u n c t i o n a l s t a m i n a is n e v e r ident ica l in t h e g roups . 
T h e pa r t i a l ly se l f - fe r t i l e and se l f - fer t i le va r i e t i e s h a v e fewer s t a m i n a , whi le 
t h e n u m b e r of s t a m i n a is s u b s t a n t i a l l y l a rge r in t h e p rac t i ca l l y self -s ter i le 
a n d self-steri le p l u m s . T h e q u o t i e n t s h o w e d r e m a r k a b l y l a rge d i f fe rences 
b e t w e e n t h e g r o u p s : se l f - fer t i le a n d p a r t i a l l y se l f - fe r t i l e va r i e t i e s , a n d self-
f e r t i l e and se l f - s te r i l e va r i e t i e s s h o w e d d i f f e r ences in t h e r e l a t i v e n u m b e r of 
s t a m i n a only a t a 1 0 % level , wh i l e in t h e o t h e r cases d i f fe rences c a n be dem-
o n s t r a t e d a t a l eve l of a t l eas t 5 % . 
D a t a on t h e ave rage i n t e r n o d e l e n g t h s i n t h e four g r o u p s were also 
p roces sed ; t h e l e n g t h of t h e i n t e r n o d e in t h e v a r i e t i e s was n o t f o u n d to be 
c o n s i s t e n t in e v e r y r e spec t . T h e p a r t i a l l y se l f - fe r t i l e var ie t ies h a v e t h e longes t 
i n t e r n o d e s , f o l l o w e d b y t h e p r a c t i c a l l y se l f -s te r i le ones . B e t w e e n se l f - fer t i le 
a n d self-ster i le p l u m var ie t i es n o re l iable d i f f e r e n c e in t h e a v e r a g e l e n g t h of 
t h e i n t e r n o d e s c a n be d e m o n s t r a t e d (Tahle 2) . 
Before d e t e r m i n i n g t h e s e x u a l c o r r e l a t i o n we wished t o k n o w w h e t h e r 
t h e d a t a on p is t i l l e n g t h and s t a m e n n u m b e r s h o w e d a n o r m a l d i s t r i b u t i o n . 
O n t h e basis of t h e Chi 2 - tes t n o r m a l d i s t r i b u t i o n can he a c c e p t e d as a fac t 
(Ch i 2 = 91.20 a n d p = 0 . 1 % ) (F ig . 1), so e v e n in t h e case of a s ign i f i can t 
r - v a l u e a n y m i s t a k e in s a m p l i n g is o u t of t h e q u e s t i o n . 
The a v e r a g e pisti l size a n d t h e s t a m e n n u m b e r are s t r i k i n g l y s imilar 
i n t h e fou r g r o u p s ( the a v e r a g e v a l u e s a re m a r k e d wi th x). T h i s in it self 
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Table 1 
Data on flowers of plum varieties (1976) 
Varieties 
P i s t i i 
l e n g t h , 
m m 
S t a m e n 
n u m b e r , 
р е 
Quot ien t 
S N / P L , 
p c / m m 
Internode 
length, 
cm 
Self-fertile varieties 
Wangenheimi 12.40 24.10 1.95 1.67 
Vörös szilva 10.80 27.30 2.56 2.23 
Walesi herceg 12.73 27.63 2.18 2.40 
Ontar io 10.50 27.80 2.66 2.64 
Ageni 1. 12.30 28.43 2.33 2.36 
Kék úri 10.93 22.03 2.06 1.59 
Besztercei muskotály 15.23 18.17 1.27 1.49 
Besztercei szilva 14.44 18.33 1.29 1.76 
Sárga mirabella 10.87 28.37 2.62 1.79 
Biihli korai 11.53 19.50 1.70 2.07 
Ta rka perdrigon 12.90 28.07 2.21 2.19 
Milánói császár 13.03 30.27 2.34 1.75 
Letr icourt 14.07 23.93 1.71 2.09 
Egger Gusztáv 13.33 27.60 2.08 2.50 
Bosznia királynője 9.93 21.40 2.18 1.79 
Angoulème-i 14.10 25.40 1.81 2.04 
Olasz kék 14.63 26.33 1.81 2.26 
Partially self-fertile varieties 
Nagy cukor 14.23 24.00 1.68 1.95 
Englcber t 15.10 22.63 1.50 2.21 
Leppermann Emma 12.23 22.33 1.84 2.68 
Lőweni szép 14.23 29.10 2.07 3.03 
Gömöri nyakas 9.07 23.47 2.64 2.64 
Violaszínű ringló 13.67 25.13 1.84 2.21 
Beregi datolya 13.63 18.90 1.39 1.84 
Practically self-sterile varieties 
Sötétkék tojás 10.17 26.93 2.66 2.25 
Nagyherceg 11.03 27.23 2.49 1.81 
Zöld ringló 11.27 26.90 2.42 2.21 
P r i m a t e 13.00 34.07 2.63 2.21 
Sasbachi korai 11.27 18.60 1.66 2.26 
R u t h Gerstetter 11.93 23.73 2.00 2.06 
A l thann ringló 10.90 28.07 2.59 2.58 
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(Table 1 continued) 
Pisti l S tamen Quotient Internode 
Varieties l eng th , number , SN/PL, length, 
m m pc pc/mm cm 
Self-sterile varieties 
Alutscha 10.03 26.80 2.71 1.14 
.Áttetsző ringló 11.37 29.67 2.63 1.62 
Burde t t Angelina 10.97 30.37 2.78 2.56 
Cochet 12.60 26.10 2.06 1.93 
Columbia 12.63 26.10 2.09 2.10 
Daniel szilva 11.27 24.67 2.19 1.61 
Di Francfor te 10.57 27.57 2.63 1.74 
d ' I ta l ia 13.53 26.73 1.98 1.28 
Jodoigne 11.17 26.83 2.44 2.11 
Késői muskotály 11.70 28.73 2.49 1.66 
Kirke 12.27 29.37 2.38 2.24 
Mirabellák királynője 11.33 27.93 2.50 2.36 
Montfort 11.07 27.77 2.53 2.30 
Nancyi ringló 11.23 26.77 2.39 2.37 
Pacific H . 1 3 17.63 1.26 2.20 
Pond magonca 14.23 32.57 2.31 2.55 
Prince piros 15.53 27.77 1.80 2.30 
Sárga tojás 14.50 27.40 1.89 2.28 
Sárga úri 10.87 28.37 2.61 2.41 
Späth legkorábbi 1 LOO 24.57 2.25 2.39 
Tragédia 12.97 28.33 2.20 2.48 
Vörös nektarin 11.73 22.77 1.95 2.19 
Washington 15.73 22.60 1.58 2.20 
LSD 5% 0.466 1.43 0.141 0.085 
Table 2 
Summary of flower examinations in four fertility groups 
Pistil S tamen Quotient 1 nternode 
Groups length . number , SN/PL, length, 
m m pe pc/mm e m 
S df- fer t i le ' Ja) 12.56 с 24.98 d 2.04 с 2.03 h 
Partially sdf-fertile--(b) 13.16 с 23.64 cd 1.85 cd 2.36 ad 
Practically self-sterile '-(e) 11.36 ab 26.50 b 2.35 ab 2.18 
Self-sterile4-(d) 12.31 26.83 ah 2.24 a 2.09 b 
LSD 5°,, 0.342 1.77 0.221 0.218 
Acta Agronomien Academiae Scientiarum Hungaricae 27, 1978 
SELF-FERTILITY IN PLI M VARIETIES 2 5 3 
9 10 11 12 13 U 15 16 Pisti l length 
mm 
Fig. 1. Spatial diagram of pistil length and stamen number (n = 1620) 
Stamen number 
pc. 
Fig. 2. Correlation of sex organs of plums and gage varieties 
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Internode length 
m m 
t. 
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pc./mm 
Fig. 3. Relationship of quotient (SN/PL) and internode length in plums and gage varieties 
s u g g e s t e d a n e g a t i v e c o r r e l a t i o n b e t w e e n t h e l e n g t h of t h e p i s t i l and t h e n u m -
b e r of f u n c t i o n a l s t a m i n a . T h e regress ion t r e n d is va l id f o r t h e va r ie t i e s e x a m -
ined wi th a n e r r o r m a r g i n of 1 % (Fig. 2 ) . 
T h e d i s c o v e r y of t h e c o r r e l a t i o n b e t w e e n f l ower a n d s h o o t o r g a n i z a t i o n 
w a s d e f i n i t e l y t h e m o s t e x c i t i n g p a r t of o u r w o r k . T h e q u o t i e n t , i.e. t h e r e l a t i v e 
n u m b e r of s t a m i n a , s h o w e d a pos i t i ve c o r r e l a t i o n w i t h t h e l e n g t h of t h e i n t e r -
n o d e (F ig . 3 ) . 
I n t h e l i t e r a r y r e v i e w m e n t i o n w a s m a d e of m a n y h i g h l y i m p o r t a n t 
w o r k s w h i c h d e a l w i t h t h e f e r t i l i t y of p l u m v a r i e t i e s . RUDLOFF—SCHANDERL 
(1950) s t a t e i n t h e i r b o o k t h a t p l u m v a r i e t i e s are q u i t e d i f f e r e n t as r e g a r d s 
f e r t i l i t y : t h e r e a re m a l e s t e r i l e , f e m a l e s t e r i l e , a u t o - i n c o m p a t i b l e a n d i n t e r -
i n c o m p a t i b l e v a r i e t i e s . 
S t e r i l i t y m a y be of m o r p h o l o g i c a l o r gene t i c o r i g i n ; t h e l a t t e r o c c u r s 
less f r e q u e n t l y in p l u m . F r o m t h e r e s u l t s r e p o r t e d b y MORRISON (1964) , i t is 
c lear t h a t t h e p l o i d y l e v e l is in n e g a t i v e c o r r e l a t i o n w i t h t h e n u m b e r o f s t a -
m i n a . T h e r e l a t i o n s h i p b e t w e e n mac ro - a n d m i c r o s p o r o p h y l l s is eas i e r t o de-
scr ibe a n d p r o v e t h a n t h e c o r r e l a t i o n b e t w e e n t h e s e x u a l o rgans . H o w e v e r , 
RÉMV ( 1 9 5 4 ) d e m o n s t r a t e d a pos i t i ve c o r r e l a t i o n b e t w e e n pol len d i a m e t e r 
a n d s t y l u s l e n g t h . 
WELLINGTON et al. ( 1 9 2 1 ) a t t r i b u t e d g r e a t i m p o r t a n c e t o t h e s t r u c t u r e 
of t h e f l o w e r ; r e c e n t i n v e s t i g a t i o n s h a v e n o t , h o w e v e r , c o n f i r m e d t h e i r v i e w s . 
D i s c u s s i o n 
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T h e d o m i n a n c e r e l a t i o n s k n o w n in s h o o t s also ho ld t r u e for t h e f l o w e r o r g a n s . 
T h e g y n o e c e u m c o r r e s p o n d s to t h e t e r m i n a l s h o o t , t h e s t a m i n a a r e e q u a l in 
v a l u e t o t h e l a t e r a l s ; t h e ma in , o r s e x u a l c o r r e l a t i o n is t h u s t h e r e l a t i o n be-
t w e e n t h e g y n o e c e u m a n d t h e a n d r o e c e u m , whi le t h e s e c o n d a r y co r r e l a t i on 
is t h e r e l a t ion b e t w e e n sepals a n d p e t a l s (SURÁNYI 1974). 
A clear v i ew of se l f -s ter i l i ty h a s r e c e n t l y b e e n given b y ARASU (1968) 
a n d LUNDQVIST (1975) , while f o r p l u m var ie t i e s i m p o r t a n t r e su l t s h a v e been 
p u b l i s h e d b y TÓTH (1975). T h e se l f - f e r t i l i t y of p l u m can be i n f l u e n c e d b y t h e 
r o o t s t o c k s (GRZYB—ZAGAJA 1975) , p r u n i n g a n d s y n t h e t i c a u x i n s (SURÁNYI 
1977). A l p h a - n a p h t h y l acet ic ac id p o t a s s i u m sa l t increases t h e p h y l l o d y of 
t h e s t a m i n a , h u t t h i s change has a d e t r i m e n t a l e f f e c t , because t h e se l f - f e r t i l i t y 
of t h e t r e a t e d t r e e s will t h u s d e c r e a s e . 
Mos t of t h e va r i e t i e s i n c l u d e d in t h e p r e s e n t s t u d y fo l low t h e t r e n d 
of s e x u a l c o r r e l a t i o n ; th i s t r e n d is s h a r p e r in t h e se l f - fer t i le t h a n in t h e self-
s ter i le va r i e t i e s , i .e . t h e change in pist i l l e n g t h does n o t exerc i se t h e s a m e 
e f fec t on t h e n u m b e r of s t a m i n a in t h e t w o g r o u p s . 
As t o t h e l e n g t h of t h e i n t e r n o d e in t h e d i f f e r e n t var ie t ies , u n a m b i g u o u s 
r e su l t s h a v e n o t y e t been o b t a i n e d , b u t even f r o m t h e q u o t i e n t i t can be 
seen t h a t t h e r e l a t i v e s t a m e n n u m b e r of i dea l ly se l f - fer t i le v a r i e t i e s can he 
a p p r o x i m a t e d b y a n o p t i m u m c u r v e , t h a t is, t o o h igh a n d t o o low q u o t i e n t 
v a l u e s o n l y o c c a s i o n a l l y m a k e a su f f i c i en t e x t e n t of s e l f - f e r t i l i t y poss ib le . 
S o m e va r i e t i e s c o n s p i c u o u s l y d i f f e r f r o m t h e r e s t of t he i r g r o u p , s u c h as : 
" B e s z t e r c e i s z i l v a " , " B e s z t e r c e i m u s k o t á l y " , " B e r e g i d a t o l y a " , " S a s b a c h i 
k o r a i " , " P a c i f i c " a n d " W a s h i n g t o n " . 
To sum u p , t h e r e is a s i g n i f i c a n t d i f f e r ence in q u o t i e n t b e t w e e n t h e self-
f e r t i l e ( to t a l ly a n d pa r t i a l ly ) a n d self-s ter i le (p rac t i ca l ly a n d c o m p l e t e l y ) 
v a r i e t i e s ; t h e r e l a t i v e s t a m e n n u m b e r is h i g h e r i n self-ster i le t h a n in sell-
f e r t i l e p l u m s . D i f f e r e n c e s in t h e l e n g t h of t h e i n t e r n o d e were less re l iable , 
even w h e n a c o r r e l a t i o n was f o u n d b e t w e e n t h e q u o t i e n t a n d t h e l e n g t h of 
t h e i n t e r n o d e . 
F u r t h e r , i t m a y he m e n t i o n e d t h a t some p l u m var ie t ies ( t h o s e t h a t de-
v i a t e g r e a t l y f r o m t h e average c h a r a c t e r i s t i c of t h e i r r e spec t ive g r o u p s ) show 
a n e g a t i v e c o r r e l a t i o n b e t w e e n t h e q u o t i e n t a n d t h e length of t h e i n t e r n o d e . 
O n t h e basis of n i n e yea r s ' e x p e r i e n c e t h e q u o t i e n t d e f i n i t e l y s e e m s to he 
s u i t a b l e for c h a r a c t e r i z i n g t h e f e r t i l i t y c o n d i t i o n s of t h e spec ies , v a r i e t y or 
c lone ; h o w e v e r , i t w o u l d be m u c h b e t t e r if a conc lus ion could h e d r a w n on 
t h e f e r t i l i t y of t h e e x a m i n e d t r e e f r o m t h e i n t e r n o d e l e n g t h of y e a r - o l d shoo t s , 
so t h a t p re - se l ec t ion could be c a r r i e d o u t a t an ea r l i e r d a t e a n d w i t h a s imple r 
i n d e x . 
I n earl ier y e a r s 5 p lum v a r i e t i e s were e x a m i n e d over f o u r y e a r s ; in t h e 
v a r i e t i e s " B e s z t e r c e i sz i lva" , " O l a s z k é k " , " Z ö l d r i n g l ó " , " P r i n c e p i r o s " a n d 
" J e r u z s á l e m i k é k " t h e l eng th of t h e pist i l a n d t h e n u m b e r of s t a m i n a showed 
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a s l i gh t f l u c t u a t i o n ( t h o u g h f o l l o w i n g t h e s e x u a l c o r r e l a t i o n i n e a c h case) , 
w h i l e t h e q u o t i e n t p r o v e d t o h e d e c i d e d l y s t a b l e . T h e q u o t i e n t w a s in close 
c o r r e l a t i o n w i t h t h e s e l f - f e r t i l i t y p e r c e n t a g e . 
T h e q u o t i e n t a n d t h e l e n g t h of t h e i n t e r n o d e d e p e n d on t h e e n d o g e n o u s 
h o r m o n e c o n d i t i o n s ; t h e h igh s t i m u l a t o r level e n h a n c e s t h e f e m a l e c h a r a c t e r , 
w h i l e a n i n c r e a s e in t h e p r o p o r t i o n of i n h i b i t o r s causes m a s c u l i n i z a t i o n 
(RESENDE 1967) . W e spec i f i ed t h r e e se l f - f e r t i l e p l u m v a r i e t i e s : " B e s z t e r c e i 
s z i l v a " , " B e s z t e r c e i m u s k o t á l y " a n d " B o s z n i a k i r á l y n ő j e " . I n t h e f i r s t t w o 
v a r i e t i e s t h e o v e r d e v e l o p e d g y n o e c e u m h a d a n a d v e r s e e f f ec t o n t h e a n d r o e -
e e u m : i t r e s u l t e d in t h e p h y l l o d y of 1 — 3 s t a m i n a p e r f l o w e r , a r e d u c e d a b i l i t v 
f o r p o l l e n t u b e f o r m a t i o n , a n d f i n a l l y a f e r t i l i t y p e r c e n t a g e g r e a t l y v a r y i n g 
f r o m c lone t o c l o n e . T h e f e r t i l i t y of t h e p l u m v a r i e t y " B o s z n i a k i r á l y n ő j e " 
c o u l d a p p a r e n t l y b e i n c r e a s e d w i t h g r o w t h s t i m u l a t o r s . 
T h e r e s u l t s o b t a i n e d fo r t h e se l f - s t e r i l e v a r i e t i e s a re n o t u n a m b i g u o u s , 
m a i n l y d u e t o t h e f a c t t h a t f r o m a n e m p i r i c a l p o i n t of v i e w v a r i e t i e s of m a s c u -
l ine a n d f e m i n i n e c h a r a c t e r w e r e e a c h p l aced in o n e g r o u p . F u r t h e r , i n v e s t i -
g a t i o n s a re r e q u i r e d t o o v e r c o m e t h e s e d i f f i c u l t i e s . 
T h e c u r r e n t w o r k will he c o n t i n u e d , as w i t h t h i s m e t h o d t h e e v a l u a t i o n 
of v a r i e t i e s , i n t r o d u c e d v a r i e t i e s , p r o s p e c t i v e v a r i e t i e s , h y b r i d s a n d r o o t s t o c k 
p o p u l a t i o n s cou ld h e g r e a t l y a c c e l e r a t e d . F u r t h e r m o r e , it m a y b e of h e l p 
in d e m o n s t r a t i n g t h e good a n d b a d c o n s e q u e n c e s of c h e m i c a l t r e a t m e n t s . 
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BREEDING SPRING BARLEY FOR STANDING ABILITY 
By 
E . POLLHAMER 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y O F S C I E N C E S . M A R T O N V Á S Á R 
The standing ability of the Martonvásár spring barleys has been examined for 
many years by evaluating the extent of lodging in the field, measuring the plant height, 
calculating the ratio of grain yield/lodging, establishing the leaf surface per stem and 
determining the Complex Standing Ability Index (CSÀI). The crossing partners suit-
able for improving the standing ability and its components have been noted. The 
standing ability of the Martonvásár spring barley varieties decreases in the following 
order: Mv 46, Mv 43, Mv 45, Mv 48, MK 42, MK 47 and Mv 41. 
Introduct ion 
T h e r i s i n g level of m e c h a n i z a t i o n , t h e i n c r e a s i n g r a t e of f e r t i l i z a t i o n , 
a n d in g e n e r a l , t h e i n t e n s i f i c a t i o n of a g r i c u l t u r a l p r o d u c t i o n r e n d e r i t n e c -
e s s a r y t o b r e e d m a l t i n g b a r l e y f o r h i g h e r s t a l k s t r e n g t h . I n t h e e x p e r i m e n t s 
of RODGER (1956) , KURILLOV (1957) , KOPECZKY (1969) , AGANOVIC—MILETIC 
(1972) , PEEV (1972) , GARDENER—RATHJEN (1975) a n d o t h e r s l o d g i n g r e d u c e d 
t h e g r a i n y i e ld of s p r i n g b a r l e y b y 1 5 — 5 0 % , a n d in n i t r o g e n f e r t i l i z a t i o n 
t r i a l s b y 6 3 — 6 6 % , d e p e n d i n g o n v a r i o u s c i r c u m s t a n c e s . F u r t h e r m o r e , l o d g i n g 
c o n s i d e r a b l y r e d u c e d t h e b r e w i n g q u a l i t y of b a r l e y (SOWINSKI 1963, ROEBERS 
1964 , ULONSKA 1964, DUBETZ—WELLS 1 9 6 8 , WELLING 1 9 7 5 , e tc . ) . B r e e d e r s 
c o n s i d e r t h e i m p r o v e m e n t of s t a n d i n g a b i l i t y as one of t h e m o s t i m p o r t a n t 
t a s k s , a n d a r e c o n t i n u a l l y e l a b o r a t i n g n e w m e t h o d s of e x a m i n a t i o n a n d 
s e l e c t i o n (UCTUM—HUNGEKBRÜHLER 1968 , WAS 1970, POLLHAMER 1 9 7 1 , 
RAGASITS 1971, GARKAVIY—NAZARENKO 1972 , SCHULZKE et al. 1974) . 
Material and m e t h o d 
At the Agricultural Research Institute of the Hungarian Academy of Sciences, Marton-
vásár, regular breeding for standing ability has been carried out on spring barley stock and 
varieties by evaluating the extent of natural lodging. On the average of 12 years the lodging 
value of spring barley was 1.77 (Fig. 1). 
In some years, e.g. in 1968, 1969 and 1973, lodging did not occur. From 1964 to 1967 
there was very little opportunity to select for standing ability, since the extent of lodging in 
those years was medium or low, with a relatively low variation coefficient. Ample possibility 
of selection for standing ability was offered in 1970, when a low lodging average Mas accom-
panied by a high degree of lodging in some combinations, with a very high variation coefficient. 
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Degree of lodging 
5.0 1 
4.0 
3.0 
2 . 0 -
1.0 
Average 
Maximum 
Minimum 
Average 
1964 1965 1966 
70 60 80 
112.5 50.0 120.0 
1967 1968 1969 1970 1971 1972 1973 1974 Years 
70 - 110 180 100 160 190 Number of strain 
109.0 - - 660.0 62.0 47.6 - 164.4 Variation coeff ic 
Fig. 1. Average, maximum and minimum of lodging in a spring barlev trial. Martonvásár 
1964-1974 
Height cm 
120 
100 
80 
60 
40 
Average 
< a 
Maximum 
Minimum 
Average 
1964 1965 1966 
70 60 80 
7 9 16.8 13.4 
1967 1968 1969 1970 1971 1972 1973 1974 Years . 
70 110 90 110 180 100 160 180 Number of strains 
14.3 15.5 19.3 38.9 6.3 21.0 27.9 19 9 Variation coefficient 
Fig. 2. Average, maximum and minimum heights in an experimental spring barley breeding 
stock. Martonvásár 1961 1974 
A similar opportuni ty for selecting for straw stiffness arose in 1971, when the lodging average 
was very high and the variation coefficient medium, and again in 1974 with a medium lodging 
average and a high variation coefficient. In those three years we were able to separate the 
strong-straw ed combinations, strains and varieties from those inclined to lodge. However, 
the evaluation of natural lodging can only be carried out occasionally, so the breeder has to 
adopt methods which provoke lodging. 
Lodging depends to a great extent on the height of the plant . Breeders improve the 
standing ability of the breeding stock mainly by selecting for short straw. The 12 years' plant 
height average (74 cm) in the Martonvásár spring barley breeding stock is primarily the result 
of systematically breeding for short straw (Fig. 2), though some role was also played by the 
weather, which has been unfavourable for the development of barley in recent years. 
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Resu l t s 
On t h e bas i s of t h e resu l t s of a series of m e a s u r e m e n t s a n d t h e e v a l u a t i o n 
of t h e p r o g e n y of c ross ing c o m b i n a t i o n s t h e fo l lowing spr ing b a r l e y var ie t i es 
h a v e been f o u n d t o be s u i t a b l e fo r r e d u c i n g t h e p l a n t he igh t a n d increas ing 
t h e s t i f fness of s t a l k : A l v a , A m e t h y s t , A r a m i r , A s t a c u s , B e r a c , D B 1364, 
H a n n a M2, H E 593. H o r 1251, H o r 1252, M a m i e , Maris Mink , M e n e t , Midas , 
M o n a , Mi ln ' s 155, M i n e r v a I I , Os i jek 57/61, S i m b a , S e n a t , S v 65505, S v 
66302 a n d S v 66433. T h e s t a n d i n g ab i l i t y of s o m e s h o r t - s t r a w e d var ie t ies is 
on ly s eeming ly b e t t e r a n d is m o s t l y based on l a t enes s , s ince l a t e var ie t i es 
e v a l u a t e d a t t h e s a m e s t a g e of d e v e l o p m e n t a l w a y s seem more s t r o n g s t r a w e d 
t h a n ea r ly v a r i e t i e s of t h e s a m e h e i g h t . 
F r o m t h e po in t of v iew of s t a n d i n g a b i l i t y select ion f o r sho r t s t r a w 
is use fu l on ly d o w n to a c e r t a i n p l a n t h e i g h t . B e l o w a ce r t a in l imi t t h e sho r t 
s t a lk is u s u a l l y a c c o m p a n i e d b y yield depress ion . S u c h va r i e t i e s p rov ide less 
shade , a n d c o n s e q u e n t l y ce r t a in weeds , e.g. ho r se - th i s t l e , m a y o v e r g r o w t h e 
s t a n d ( O T T O 1 9 7 3 ) . 
T h e e x t e n t of lodg ing is g r ea t l y i n f l u e n c e d b y t h e v o l u m e of gra in y ie ld . 
T h e r a t io of g ra in y i e ld / lodg ing is a c h a r a c t e r i s t i c m e a s u r e of s t a n d i n g a b i l i t y 
(Table 1). G r a i n y ie ld , l odg ing v a l u e a n d t h e g r a i n y ie ld / lodg ing ra t io a re 
r e m a r k a b l y good in t h e va r i e t i e s a n d c o m b i n a t i o n s Mv 46, M K H 23, Mv 4 5 
a n d Mv 43. T h e o r d e r of s t a n d i n g ab i l i ty for M K S 61, M K S 83, M K 380 a n d 
M K H 228 is b e t t e r w h e n b a s e d on t h e gra in y ie ld / lodg ing r a t i o t h a n w h e n 
es t ab l i shed b y t h e e x t e n t of lodg ing . Th is m e a n s t h a t u n d e r i den t i c a l l odg ing 
cond i t ions t h e s e c o m b i n a t i o n s give l a rger y ie lds t h a n t h e o t h e r va r i e t i e s . 
T h e c o m b i n a t i o n M K S 99, as well as t he va r i e t i e s in t h e v a r i e t y t r ia l and t h e 
h y b r i d s in t h e h y b r i d t r i a l , lodge even w i t h a lower t h a n a v e r a g e gra in y ie ld , 
so t h e y m a y he c lass i f ied as be ing incl ined t o lodge . 
L o d g i n g is g r e a t l y i n f l u e n c e d by t h e s u r f a c e a rea a n d pos i t i on of l eaves 
on t h e s t a l k (PoLLHAMER 1967, 1974, 1975). Ill o u r e x p e r i m e n t s t h e leaf su r -
face of s p r i n g ba r l eys was 45.7 c m 2 w i t h a v a r i a t i o n coef f ic ien t of 1 1 1 . 1 % . 
In t h e v a r i e t i e s M K 301, M K 42, M K H 23, C e r t a , Maris M i n k a n d M K S 99 
t h e leaf s u r f a c e was g r e a t e r t h a n 50 c m 2 , whi le in C a r m e n , M K S 26, T e r n , 
Mona , W . W i n g a n d A m k a r T 444 it was less t h a n 40 c m 2 . 
L n d e r H u n g a r i a n cond i t i ons va r i e t i e s w i t h large gra in y ie lds , s m a l l 
leaf a reas a n d s h o r t , f i r m s t a lks a re cons ide red t h e m o s t v a l u a b l e . B y r e g u l a r 
select ion f o r t h e s e c h a r a c t e r s t h e s t a n d i n g a b i l i t y of sp r ing ba r l eys can be 
c o n s i d e r a b l y i n c r e a s e d . 
Bes ides t h e a b o v e , m a n y o t h e r f a c t o r s m a y i n f l u e n c e t h e e x t e n t of lodg-
ing. All f a c t o r s c a n n o t be t a k e n i n t o c o n s i d e r a t i o n in se lect ion. T o cha rac t e r i z e 
t h e s t a n d i n g a b i l i t y for t h e p u r p o s e of se lec t ion, we h a v e i n t r o d u c e d t h e Com-
plex S t a n d i n g A b i l i t y I n d e x (CSAI) (POLLHAMER 1967, 1971, 1975). The C S A I 
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Table 1 
Average lodging in spring barley combinations Martonvásár, 1974 —1975 
C o m b i n a t i o n 
G r a i n yield q/ha Lodging value 
Rat io 
Order 
1974 1975 Mean 1974 1975 Mean 
of grain 
yield/ 
lodging 
b y 
lodging 
va lue 
by 
rat io 
Mv 46 62.8 — 62.8 1.1 — l . i 57.0 1 i 
MKH 23 59.2 — 59.2 1.1 — l . i 53.8 2 2 
Mv 45 70.2 52.9 61.5 1.6 1.2 1.4 43.9 3 3 
Mv 43 57.8 52.5 55.1 1.7 1.4 1.5 36.7 4 4 
Local stock trial — 48.3 48.3 — 1.7 1.7 28.4 5 5 
MKS 61 67.3 43.3 55.3 1.9 2.4 2.1 26.3 8 6 
Awnbss barleys 51.3 48.3 49.8 1.9 1.9 1.9 26.2 6 7 
MKS 83 51.9 w 51.9 2.1 — 2.1 24.7 9 8 
MKS 99 — 46.5 46.5 — 2.0 2.0 23.2 7 9 
MK 380 57.4 — 57.4 2.5 — 2.5 22.9 12 10 
MKH 228 67.1 49.0 58.0 2.8 2.6 2.7 21.4 13 11 
Variety trial 41.8 46.6 44.2 1.4 2.8 2.1 21.0 10 12 
MK 42 63.8 45.1 54.4 2.6 2.9 2.7 20.1 14 13 
Variety trial 62.8 44.6 53.4 2.7 2.7 2.7 19.7 15 14 
Mv 44 61.9 - 61.9 3.5 3.5 17.6 17 15 
Mv 48 62.2 48.1 55.0 2.0 4.4 3.2 16.1 16 16 
Hybrid trial 
— 
32.5 32.5 
— 
2.2 2.2 14.7 11 17 
Average 59.8 46.4 53.36 1.70 1.65 2.14 27.86 
— — 
Var. eoeff. 31.2 43.8 34.85 205.88 266.66 112.14 15.18 
— — 
is d e t e r m i n e d b y a g r a p h i c i l l u s t r a t i o n of t h e v a l u e s fo r 8 c o m p o n e n t s of 
s t a n d i n g a b i l i t y , and b y p l a n i m e t r y o n t h e o b t a i n e d p o l y g o n . T h e s t a l k w e i g h t 
and t h e n u m b e r of n o d e s a re d i r e c t l y p r o p o r t i o n a l t o t h e s t a n d i n g a b i l i t y , 
while t h e d e g r e e of l o d g i n g , t h e s t a l k l e n g t h , t h e l e n g t h of t h e u p p e r m o s t 
i n t e r n o d e , t h e 5 m i n u t e w a t e r u p t a k e of t h e s t r a w , t h e a v e r a g e l e n g t h of 
t h e i n t e r n o d e s and t h e l e a f a rea o n t h e s t a l k a re i n v e r s e l y p r o p o r t i o n a l t o 
t h e s t a n d i n g ab i l i ty . 
T h e C S A I and i t s c o m p o n e n t s a r e s u i t a b l e fo r c h a r a c t e r i z i n g t h e s t a n d i n g 
ab i l i t y o f t h e va r i e t i e s , f o r c a r r y i n g o u t se lec t ion f o r s t a n d i n g a b i l i t y , f o r choos-
ing t h e r i g h t c ross ing p a r t n e r s , f o r p l a n n i n g a n d b r i n g i n g a b o u t n e w f i r m -
s t a l k e d c o m b i n a t i o n s , a n d even fo r c h a r a c t e r i z i n g t h e e f f e c t s of a g r o t e c h n i c a l 
t r e a t m e n t s , e.g. n i t r o g e n t o p d r e s s i n g . F o r e x a m p l e , a 40 k g / h a n i t r o g e n 
t o p d r e s s i n g app l i ed i n a d d i t i o n t o b a s i c f e r t i l i z a t i o n of 140 k g / h a N P K 
r e d u c e d t h e CSAI o f t h e M a r t o n v á s á r v a r i e t i e s a n d p r o s p e c t i v e v a r i e t i e s 
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Table 2 
CSAI in Martonvásár spring barleys Martonvásár, 1964 — 1974 
40 kg/ha N 
13 Var. 
Components S " 
-s- г-
r-H Tf Tf t- î? U- lП 1Л t L- S3 3 *2 с coeft var. 
•J. 
ы > _L > > „ > > • 3 S % mean coeff. 
S S S S3 S 3 S í t — (M 
Se-
S ™ S ? ся S % 
Lodging value 3 . 0 3 . 2 3 . 2 2 . 2 1.8 2 . 0 2 . 7 3 . 0 2 . 5 5 6 . 0 4 . 2 2 8 . 2 
Straw weight, g 1 . 7 1 . 5 1 . 7 2 . 5 1 . 6 2 . 7 1 . 4 1 . 5 1.8 7 2 . 2 2 . 0 5 4 . 7 
Straw length, cm 8 5 . 0 9 0 . 0 8 2 . 2 8 2 . 2 6 8 . 8 7 5 . 6 8 0 . 2 7 0 . 0 8 0 . 5 2 6 . 3 8 6 . 7 3 7 . 9 
Number of nodes 5 . 4 5 . 7 5 . 9 6 . 3 5 . 5 6 . 0 5 . 3 5 . 5 5 . 7 1 7 . 5 5 . 8 1 8 . 9 
Length of upper 
internode, cm 2 4 . 0 2 7 . 2 2 6 . 2 2 3 . 6 2 1 . 9 2 1 . 7 2 1 . 8 2 0 . 0 2 3 . 7 2 2 . 7 2 6 . 3 2 4 . 3 
Water uptake by 
the stem 1 9 . 2 2 5 . 2 2 7 . 3 1 5 . 8 1 6 . 2 1 7 . 5 2 8 . 2 2 0 . 0 2 1 . 3 5 8 . 2 2 7 . 5 6 4 . 7 
Average length of 
internodes, cm 1 5 . 7 1 5 . 7 1 3 . 9 1 3 . 0 1 2 . 5 1 2 . 6 1 5 . 1 1 5 . 0 1 4 . 1 2 1 . 4 1 4 . 9 2 0 . 5 
Leaf area per stalk, 
cm2 5 8 . 5 6 1 . 2 8 1 . 0 6 0 . 0 6 7 . 0 5 7 . 7 6 2 . 0 6 0 . 0 6 3 . 9 3 5 . 9 7 8 . 6 5 7 . 7 
CSAI 5 3 . 9 3 5 . 7 3 3 . 8 6 9 . 3 6 0 . 2 9 7 . 5 5 3 . 1 4 4 . 0 5 5 . 9 — — — 
CSAI with 40 kg/ha 
N top dressing 3 1 . 5 2 8 . 7 2 9 . 5 5 4 . 2 4 8 . 3 6 4 . 7 3 2 . 5 4 4 . 0 
— — 
3 6 . 4 
— 
f r o m 55.9 t o 36 .4 c m 2 ( T a b l e 2) . T h e e f f e c t , t h o u g h v a r y i n g in i t s e x t e n t , was 
u n e q u i v o c a l in a l l v a r i e t i e s . T h e v a r i e t i e s M v 4 6 , M v 4 3 a n d M v 4 5 s h o w e d 
t h e h i g h e s t s t a n d i n g a b i l i t y a n d w e r e t h e m o s t t o l e r a n t t o n i t r o g e n o v e r d o s a g e , 
as t h e i r CSAI w a s e v e n t h e n h i g h e r t h a n t h e s t a n d a r d 4 4 . 0 c m 2 . T h e n i t r o g e n 
o v e r d o s a g e h a d a n u n f a v o u r a b l e e f f e c t on a l m o s t all c o m p o n e n t s of t h e C S A I , 
l e a v i n g on ly t h e n u m b e r of n o d e s a n d t h e s t a l k w e i g h t p r a c t i c a l l y u n a f f e c t e d . 
O n t h e b a s i s of o u r d a t a t h e s t a n d i n g a b i l i t y of t h e M a r t o n v á s á r s p r i n g 
b a r l e y v a r i e t i e s a n d p r o s p e c t i v e v a r i e t i e s c a n b e c h a r a c t e r i z e d a s fo l lows : 
T h e o u t s t a n d i n g s t a n d i n g a b i l i t y of t h e p r o s p e c t i v e v a r i e t y M v 46 is 
b a s e d p r i m a r i l y o n i t s s h o r t , m a n y - n o d e d , h e a v y s t a l k . N i t r o g e n t o p d re s s ing 
c a n b e sa fe ly a p p l i e d t o it as t h e d e c r e a s e in i t s C S A I is of v e r y l o w e x t e n t . 
T h e v a r i e t y M v 4 3 is of s i m i l a r t y p e , b u t i t s C S A I , i .e . s t a n d i n g a b i l i t y , 
is l o w e r t h a n t h a t of t h e p r e v i o u s v a r i e t y . T h i s v a r i e t y also p r o v e d t o be 
s u f f i c i e n t l y t o l e r a n t t o n i t r o g e n t o p d r e s s i n g , a n d i t s C S A I w a s e v e n t h e n 
b e t t e r t h a n t h e s t a n d a r d . 
M v 45, a s p r i n g f o d d e r b a r l e y c o m b i n a t i o n , o w e s i t s good s t a n d i n g a b i l i t y 
m a i n l y t o i ts s h o r t , m a n y - n o d e d s t e m . W i t h n i t r o g e n t o p d r e s s i n g i t s CSAI 
c o r r e s p o n d s t o t h e s t a n d a r d . 
M v 48 is a p r o s p e c t i v e s p r i n g m a l t i n g b a r l e y v a r i e t y of m e d i u m s t a n d i n g 
a b i l i t y , w i t h a v e r a g e c o m p o n e n t s . O n l y i t s s t a l k l e n g t h c o m e s c lo se t o t h e 
o p t i m u m . W i t h n i t r o g e n t o p d r e s s i n g i ts s t a n d i n g a b i l i t y is n o t s a t i s f a c t o r y . 
M K 42 is a m a l t i n g b a r l e y of a v e r a g e s t a n d i n g a b i l i t y . I t s i n t e r n o d e s , 
p a r t i c u l a r l y t h e u p p e r one , a r e l o n g e r t h a n n e c e s s a r y , so it will n o t t o l e r a t e 
t o p d re s s ing . 
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T h e s p r i n g f o d d e r b a r l e y M K 47 has p o o r s t a n d i n g a b i l i t y o w i n g t o t h e 
f a c t t h a t i ts u p p e r i n t e r n o d e is t o o l ong a n d t h a t a l a rge a m o u n t of w a t e r is 
t a k e n u p b y t h e s t a l k ; it o f t e n s h o w s i n t e n s i v e l o d g i n g e v e n w i t h o u t n i t r o g e n 
t o p d r e s s ing . 
T h e s p r i n g m a l t i n g b a r l e y M v 4 1 is a g a i n of p o o r s t a n d i n g a b i l i t y o w i n g 
t o i t s v e r y l a r g e l e a f a rea , i t s w a t e r u p t a k e a n d t h e l o n g u p p e r i n t e r n o d e . 
W i t h n i t r o g e n t o p d re s s ing i t s C S A I was t h e l o w e s t of all . 
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IDENTIFICATION OF TRANSLOCATIONS 
IN WHEAT VARIETIES MIRONOVSKAYA 808 
AND RANNYAYA 12 
By 
J . S U T K A 
AGRICULTURAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, MARTONVÁSÁR 
Analyzing the P.M.C.s of crosses between each of 21 monosomic lines of Chinese 
Spring with Mironovskaya 808 and Rannyaya 12, it was found that two reciprocal 
translocations, involving chromosomes ЗА and 3B on the one hand, and chromosomes 
IB and 2D on the other, differentiate Mironovskaya 808 front Chinese Spring. Ran-
nyaya 12 is presumed to have one translocation, involving chromosomes IB and 2D 
relative to Chinese Spring. Frequency of P.M.C.s with trivalente and quadrivalents in 
crosses of the wheat varieties studied was relatively low. 
Introduct ion 
V a r i e t i e s of h e x a p l o i d w h e a t (2n = 6x = 42) f r e q u e n t l y d i f fe r b y o n e 
or m o r e r e c i p r o c a l t r a n s l o c a t i o n s . B y h y b r i d i z i n g wi th s p e c i e s of d ip lo id a n d 
t e t r a p l o i d w h e a t v a r i e t i e s i t w a s c o n c l u d e d t h a t Chinese S p r i n g has t h e p r i m -
i t i v e c h r o m o s o m e s t r u c t u r e of h e x a p l o i d w h e a t (SEARS 1 9 5 4 , RILEY et al. 
1967) : t h e c h r o m o s o m e s of al l o t h e r h e x a p l o i d w h e a t v a r i e t i e s can , t h e r e f o r e , 
he c o m p a r e d w i t h t h o s e of C h i n e s e S p r i n g . A n u m b e r of c h r o m o s o m a l i n t e r -
c h a n g e s h a v e b e e n i d e n t i f i e d r e l a t i v e t o C h i n e s e Spr ing (SEARS 1953, R I L E Y — 
K I M B E R 1 9 6 1 , B A K E R — M C I N T O S H 1 9 6 6 , R I L E Y et al. 1 9 6 7 , R Ö B B E L E N 1 9 6 8 , 
М Е Т Т Ш 1 9 6 9 , L A W 1 9 7 1 , L A R S E N 1 9 7 3 , Z E L L E R 1 9 7 3 , Z E L L E R - B A I E R 1 9 7 3 , 
B A I E R et al. 1 9 7 4 ) . 
T h e p r e s e n c e of t r a n s l o c a t i o n s a m o n g w h e a t v a r i e t i e s can c o m p l i c a t e 
t h e d e v e l o p m e n t of m o n o s o m i c a n d w h o l e c h r o m o s o m e s u b s t i t u t i o n l i n e s 
(MORRIS—SEARS 1967, LAW—WORLAND 1 9 7 3 ) . The i r p r e s e n c e can a l so c a u s e 
p r o b l e m s i n t h e l o c a l i z a t i o n o f genes t o s p e c i f i c c h r o m o s o m e s b y m e a n s o f 
m o n o s o m i c a n a l y s i s (SEARS 1953, UNRAU et al. 1956, LARSEN 1973, BAIER 
et al. 1 9 7 4 ) . 
Material and m e t h o d 
Both Mironovskaya 808 and Rannyaya 12 are Russian winter wheat varieties. Miro-
novskaya 808 was selected from the autumnized progeny of the spring variety Artemovka 
at Mironovka (REMESLO 1972). Rannyaya 12 has common breeding origin with the variety 
Bezostaya 1. 
In the present research, chromosome pairing in pollen mother cells (P.M.C.s) at the first 
meiotic metaphase was analyzed in hybrids between each of 21 monosomic lines of Chinese 
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Spring used as female parents, with Mironovskaya 808 and Rannyaya 12. Disoinic hybrids 
between these three varieties were also analyzed cytologically. The F t plants were grown 
under optimal field conditions at Martonvásár. The somatic chromosome number of the mono-
somic lines of Chinese Spring and the monosomic F t crosses, as well as the meiotic chromosome 
pairing from spikes of monosomic and disoinic F , plants, were determined by the Feulgen 
method. 
Resu l t s 
T w o q u a d r i v a l e n t s , o r o n e t r i v a l e n t p l u s one q u a d r i v a l e n t , w e r e ob-
se rved in s o m e P.M.C.s f r o m crosses of C h i n e s e Sp r ing w i t h M i r o n o v s k a y a 808 . 
T h e s e o b s e r v a t i o n s i n d i c a t e d t h a t t h e s e v a r i e t i e s p r o b a b l y d i f f e r b y t w o 
rec ip roca l t r a n s l o c a t i o n s . I n t h e crosses b e t w e e n Chinese S p r i n g wi th R a n n y a y a 
12 on t h e o n e h a n d , a n d i n t h e crosses b e t w e e n M i r o n o v s k a y a 808 w i t h R a n -
n y a y a 12 o n t h e o t h e r , o n l y cells h a v i n g e i t h e r one q u a d r i v a l e n t or o n e t r i -
v a l e n t w e r e o b s e r v e d , i n d i c a t i n g t h a t e a c h of t h e s e v a r i e t i e s d i f f e r b y o n e 
t r a n s l o c a t i o n . 
T h e f r e q u e n c y of t r i v a l e n t e and q u a d r i v a l e n t s in P . M . C . s of all t h e c r o s s e s 
w a s r e l a t i v e l y l ow , a n d t h e q u a d r i v a l e n t s s h o w e d c h a i n c o n f i g u r a t i o n s . T h i s 
m a y i n d i c a t e t h a t t he t r a n s l o c a t i o n s p r e s e n t i n t hese v a r i e t i e s i nvo lve r e l a t i v e l y 
s h o r t s e g m e n t s of c h r o m o s o m e s . T h e p e r c e n t a g e of t r i v a l e n t e a n d q u a d r i -
v a l e n t s in e a c h of t he se t h r e e crosses is h i g h e s t in F t p l a n t s of Chinese S p r i n g X 
M i r o n o v s k a y a 808, a n d l o w e s t in t h o s e o f Chinese S p r i n g X R a n n y a y a 12 
(Tab le 1). 
T h e p e r c e n t a g e of P . M . C . s wi th a s i n g l e t r i v a l e n t w i t h o u t a n y u n i v a l e n t 
w a s used f o r i d e n t i f y i n g c h r o m o s o m e s i n v o l v e d in t h e t r a n s l o c a t i o n s . F r o m 
T a b l e 2 i t c a n b e seen t h a t f o u r F j m o n o s o m i c l ines o f Chinese S p r i n g X 
M i r o n o v s k a y a 808 , ЗА, 3 B , I B and 2 D p r o d u c e t h i s t y p e of c h r o m o s o m e 
c o n f i g u r a t i o n . F u r t h e r m o r e , t h e p r o p o r t i o n of cells h a v i n g t r i v a l e n t e o n l y 
a p p e a r t o d i f f e r a m o n g t h e f o u r cr i t ical m o n o s o m i c F j ' s , t h o s e fo r c h r o m o s o m e s 
З А and 3 D g i v i n g h igher f r e q u e n c i e s t h a n t h o s e for c h r o m o s o m e s I B a n d 2 D . 
T h i s d i f f e r e n c e s u g g e s t s t h a t o n e of t h e t r a n s l o c a t i o n s m a y i n v o l v e c h r o m o s o m e s 
I B and 2 D . 
Table 1 
Chromosome pairing at metaphase I in FL plants 
N u m b e r of cells 
Hybrid c o m b i n a t i o n s 
No. of 
[ i l .m t . 
No. of 
cells wi th 
univ . 
w i t h univ. 
a n d mul t iv . 
w i t h 
m u l t i v . 
°/ of /о ш 
univalents 
% of m u l t i -
v a l e n t s 
CS X Mir. 808 20 137 48 6 7 39.42 9.49 
CS X Ran. 12 25 201 53 2 3 27.36 2.49 
Mir. 808 X Ran. 12 9 193 23 1 9 12.44 5.18 
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Table 2 
Chromosome configurations at metaphase I in F, plants from crosses 
of Chinese Spring monosomies with Mironovskaya 808 
Number of cells n each pairing configuration 
II III IV III + IV 
Ol 
> я X 
м 
ы м w м S 
сn 04 Tj" чО —1 — ю 
•2 и + + + -f + + + (J "я 
.5 a 
Я 
S H в î> T > д 
: 
0- го Ю OL 1 -H *-' - es al 7 
o 1 м « м н 'S "g-
1 о Z z о (M OL CO S LÓ O- CO Tz 2 со r- LO о - чС S?'-
1A 3 65 11 14 6 
1 
1 3 
2A 5 35 26 7 1 1 
ЗА 3 43 19 11 2 1 6 2 2 13.95 
4A 3 53 41 7 1 3 1 
5A 4 21 10 6 1 1 1 2 
6 A 4 32 21 10 1 
7 A 5 56 31 10 3 7 3 1 1 
IB 6 100 77 14 3 1 4 1 4.00 
2B 4 46 22 13 4 1 1 4 i 
3B 4 56 23 16 3 1 6 2 1 2 i 1 10.71 
4 В 5 56 30 21 2 1 2 
5B 8 94 68 21 1 3 1 
6B 3 34 22 5 1 4 2 
7B 4 45 31 6 1 1 1 5 
ID 3 36 26 7 2 1 
2D 7 64 41 13 3 3 1 3 4.68 
3D 4 52 31 19 2 
4D 4 55 41 10 3 1 
5D 8 67 49 12 5 1 
6D 3 62 34 18 2 1 1 3 2 1 
7D 6 43 23 15 2 1 1 1 
1115. 
I = univalents 
I I = bivalents 
I I I = tr ivalente 
IV = quadr ivalents 
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I n t h e F ] m o n o s o m i c p l a n t s of C h i n e s e S p r i n g X R a n n y a y a 12 , t w o 
m o n o s o m i c l i n e s ( I B a n d 2 D ) were f o u n d w i t h a s i n g l e t r i v a l e n t w i t h o u t 
a n y u n i v a l e n t , a n d t h e f r e q u e n c y of t h e i n t e r c h a n g e w a s v e r y low. S o , i t can 
h e s u p p o s e d t h a t c h r o m o s o m e s I B a n d 2 D a re i n v o l v e d i n t h e c h r o m o s o m a l 
i n t e r c h a n g e s w h i c h d i s t i n g u i s h R a n n y a y a 12 f r o m C h i n e s e Sp r ing . 
Chinese spring 
Mironovskaya 808 . . Rannyaya 12 
ЗА -3B( r) 
Fig. 1. Diagram showing the interchanges by which the three wheat varieties under investi-
gation are differentiated 
T h e h i g h f r e q u e n c y o f P . M . C . s w i t h 3 , 5 o r 7 u n i v a l e n t s in F j m o n o s o m i e s 
o f Chinese S p r i n g wi th M i r o n o v s k a y a 8 0 8 c a n p r e s u m a b l y b e an a c c e p t a b l e 
e x p l a n a t i o n f o r t h e h igh f r e q u e n c y of u n i v a l e n t sh i f t w h i c h was o b s e r v e d in 
t h e course o f d e v e l o p i n g a m o n o s o m i c s e t o f M i r o n o v s k a y a 808 a t M a r t o n -
v á s á r ( u n p u b l i s h e d ) . 
T h e i n t e r c h a n g e r e l a t i o n s h i p b e t w e e n t h e t h r e e v a r i e t i e s s t u d i e d is 
s h o w n in F i g . 1. A l t h o u g h t h e f r e q u e n c y of t h e i n t e r c h a n g e s b e t w e e n 
C h in ese S p r i n g a n d R a n n y a y a 12 was f o u n d t o be l o w e r t h a n t h a t b e t w e e n 
M i r o n o v s k a y a 8 0 8 and R a n n y a y a 12, t h e t r a n s l o c a t i o n i n v o l v i n g t h e З А a n d 
3 B (which p r o b a b l y d i f f e r e n t i a t e s t h e M i r o n o v s k a y a 8 0 8 f r o m R a n n y a y a 12 
c y t o l o g i c a l l y ) n e e d s t o b e c h e c k e d l a t e r . T h i s will he p o s s i b l e w h e n t h e d e v e l -
o p m e n t of a m o n o s o m i c se r i e s of t h e s e v a r i e t i e s has b e e n c o m p l e t e d a t M a r t o n -
v á s á r . 
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EFFECT OF T H E SIZE OF BLOCK ON T H E AMOUNT OF F R U I T IN PEAR V A R I E T I E S 
Pear varieties grown in Hungary are completely self-sterile. I t is not every year nor in 
all varieties, however, that na tura l parthenocarpy provides sat isfactory fruit setting. Pear 
varieties should, therefore he, planted in every case together with pollen donor varieties of mutu-
ally high fertility, blossoming a t the same time and ensuring ample overlapping. 
The ability of fructification in pear varieties can be assessed by the percentage of fruit 
setting, too. In richly blossoming trees a 3 per cent fruit setting results in a large yield, while 
those of poorer flowering require 15—20 per cent fruit setting. 
In pears, wind is a factor of practically no importance in pollen transmission; pollination 
is mainly carried out by wild bees and wild insects. Wind plays a role in pollen transmission in 
the case of small distances (6 — 8 m), between trees next to one another , because with an increas-
ing distance pollen density decreases and so the probability of pollination will be very low. For 
self-fertile fruit varieties pollination by wind has a complementary role, as in this case pollen 
even within the same tree is effective. 
When choosing pollen donor varieties for pears a fundamental consideration is to what 
extent, they are attractive for the insects and how much pollen they are able to discharge under 
unfavourable ecological conditions (e.g. in cool, rainy weather). 
Pollen donor varieties and the method and rate of plantation for pears should be chosen 
taking into consideration the t ime of flowering, conditions of fructification, ripening time and 
picking operations, as well as the purpose for which the fruit will be used. 
The present paper analyzes the effect of block size on the yield of pear varieties. 
In the course of the investigation, we wished to receive an answer to the following ques-
tions: 1.) How does the amoun t of fruit change as a function of the distance from the pollen 
donor variety? 2.) What are the trends of frui t yield in varieties planted in various proportions 
and pat terns? 3.) What is the effect of the size of block on the a m o u n t of fruit? 
Data were collected in 1973 on the State Farm at Kutas, in a plantation of-14-years old 
spindle trees grafted to quince root-stock " A " with a spacing of 7.5 x4.5 in. The plantation 
consisted of three varieties: Téli esperes, Hardy v a j and Hardenpont téli vaj, which are early, 
medium early and late flowering, respectively. 
The varieties were planted in close spaced blocks of different width. The arrangement 
of the blocks can be seen in Fig. 4 and Table 2. 
To study the effect of the pollen donor varieties, we chose blocks of such width and posi-
tion as would exclude the participation of pollen from other varieties in the pollination. In the 
blocks marked out for this purpose, the amount of fruit per tree was measured at different dis-
tances from the pollen donor variety. By using the yield results t hus obtained we formed blocks 
in which the varieties were found in different proportions and arrangement in order to be able 
to find out the joint effect of the two factors on the amount of f ru i t . In the plantation fruit 
yield was also determined for each block with a view to assessing the joint effect of block size 
and arrangement on the amoun t of fruit. 
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Fruit yield of pear varieties as a function of the distance from the pollen donor is shown 
in Figs 1 3. 
The effect of the distance of "Hardy vaj" and "Hardenpont téli v a j " pollen donor varie-
ties on the amount of fruit in the pear variety "Téli esperes" in seen in Fig. 1. 
The average fruit yield per tree in the pear variety "Téli esperes" was 55, 46 and 38 kg 
at a distance of 7.5, 15 and 22.5 m, respectively, front the pollen donor variety "Hardy vaj" . lit 
the next two rows the amount of fruit decreased to half (27 kg at a distance of 30 m and 25 kg at 
37.5 m). The quantity of fruit per tree w as 5.2 kg at a distance of 7.5 m front the row of "Har -
denpont téli va j" , and 4.3 kg at 15 m. 
Fruit yield kg / t ree 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
Fig. 
22.5 30 37.5 distance f rom the pol len 
donor (m ) 
1. Effect of the distance of " H a r d y va j " and "Hardenpont téli v a j " pollen donor pear 
varieties on the amount of frui t in the variety "Téli esperes" (1973, Kutas) 
The effect of the distance of the pollen donor varieties "Hardenpont téli vaj" and "Téli 
esperes" on fruit yield in "Hardy v a j " can be seen in Fig. 2. 
The fruit yield of the pear variety "Hardy va j" was 68 kg at a distance of 7.5 m from the 
row of "Téli esperes" and decreased to 37 kg at 37.5 m. In rows planted at a distance of 7.5 m 
from the pear variety "Hardenpont téli v a j " the quantity of fruit per tree showed the follow-
ing trend: 32, 25, 15, 13 kg, and in the f if th row 11 kg. 
The effect of distance from the pollen donor varieties "Téli esperes" and "Hardy v a j " 
on the fruit yield of the variety "Hardenpont téli va j" is shown in Fig. 3. 
The amount of fruit per tree in the variety "Hardenpont téli va j" was 15.5 kg at a dis-
tance of 7.5 m from the row of "Téli esperes", while only 4 kg when the distance was 37.5 m. 
At a distance of 7.5 from the row of the pollen donor variety "Hardy va j " the quantity of fruit 
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per tree was 47.5 kg; at distances of 30 and 37.5 m the corresponding values were 32 and 25 kg, 
respectively. 
The effect exerted on the fruit yield per tree and per hectare of pear varieties planted in 
rows in different rates and patterns can be analyzed on the basis of data shown in Table 1. 
The amount of fruit is the lowest in blocks where the pear varieties "Téli esperes" and 
"Hardenpont téli vaj" are found, as e.g. in block A (30.6 q/ha) where the varieties "Téli espe-
res" and "Hardenpont téli v a j " were planted in alternating rows at a ratio of 1 : 1. 
Ill blocks containing the varieties "Hardy va j" and "Hardenpont téli v a j " an increase in 
the amount of yield can be observed. The smaller the width of block of the two varieties, the 
1 1 1 r 1  
7.5 15 22.5 30 37.5 distance f rom the pollen 
donor (m ) 
Fig. 2. Effect of the distance of "Hardenpont téli vaj" and "Téli esperes" pollen donor varieties 
[.oil the amount of fruit in the pear variety " H a r d y va j " (1973, Kutas) 
larger the yield. In block К (a ratio of 1 : 1; one row of " H a r d y vaj", one row of "Hardenpont 
téli va j") the yield per hectare was 117.7 q. In block M, in the case of the varieties "Hardy 
va j " and "Hardenpont téli v a j " planted at a ratio of 1 : 2 (one row of Hardy vaj , two rows of 
"Hardenpont téli va j") the average yield was 125.1 q/ha. 
In blocks where the varieties "Téli esperes", "Hardy va j " and "Hardenpont téli v a j " 
were contained the yield per ha ranged between 138 and 168.2 q according to the ratio and 
arrangement of the varieties. Deviation f rom this value only occurred in blocks E and L, where 
the ratio of the varieties was similar, but , due to the different size of block (10 and 5 rows per 
variety, respectively), the quantity of fruit was smaller (E = 84.7 q/ha; L = 123.2 q/ha). 
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The amount of yield was the largest in block V (182 q/ha) where the varieties "Téli esperes" 
and " H a r d y va j" were found at a ratio of 1 : 1 (one row of "Téli esperes", one row of "Hardy 
vaj"). The effect of block size can he pointed out even in the case of a 1 : 1 ratio of the two varie-
ties. For example, the 159.3 q/ha yield of a 37.5 m wide block (block N). 
In the pear orchard the three varieties ("Hardy va j " , "Téli esperes", "Hardenpont téli 
vaj") are found in a total of 18 blocks of different size. Fruit yields for each block are shown in 
Table 2, while the effect of block size and arrangement can be studied in Fig. 4. 
Fruit y ield kg/ t ree 
7.5 15 22.5 30 37.5 distance f rom the pollen 
donor (m) 
Fig. 3. Effect of the distance of "Téli esperes" and "Hardy v a j " pollen donor varieties on the 
amount of fruit in the pear variety "Hardenpont téli va j " (1973, Kutas) 
The amount of fruit yield per tree was the largest in block 14, planted with the variety 
"Hardy v a j " and in block 13 (57 kg), containing the variety "Téli esperes". The widths of the 
two adjacent blocks were 30 and 15 m, respectively. On the other side the " H a r d y va j" was 
bordered by "Hardenpont téli va j " (in block 15). In blocks 2 and 10 (two rows of "Téli esperes" 
each) the fruit yield was 53 kg per tree; this lower quantity was due to the width of the adja-
cent " H a r d y va j " block. Block 7 produced the smallest amount of fruit (4.8 kg/tree) where 
three rows of "Téli esperes" were bordered by a ten-row- block of "Hardenpont téli vaj" on 
both sides. The two end blocks of the plantation contained "Hardenpont téli v a j " . In block 18 
the amount of fruit per tree was 20.6 kg; in this case "Hardy v a j " was the adjacent pollen donor. 
In block 1 bordered by the variety "Téli esperes" 8.2 kg w as the fruit yield per tree. Fig. 4 
reveals similar correlations. 
Acta Agronomica Aeaderniae Scientiarum Hungaricae 27, 1978 
VARIA 2 7 5 
Table 1 
Effect of different ratios and patterns of pear varieties planted in rows on fruit yield 
in spindle-tree plantation spaced at 7.5x4.5 m (1973, Kutas) 
V a r i e t y 
" T é l i esperes" " H a r d y v a j " " H a r d e n p o n t téli v a j " 
Arrangement of r o w s r -
С £ sO C ' s Yield 
ír the block 
Я 
3 3 yield 3* 
3 
с yield 
С 
s 
Я yield 
q / h a 
Ï 2 £ "Ü 
v
 t § . 2 e 
v а 
я _а 
и — 
о 
** Oh 
в. 
о 
S 0 S- h a kg/ t ree 
О 
h a kg/ t ree 
0 
и 
В. ha kg/ t ree 
A 1 row Téli esperes 50 148 5.2 50 148 15.0 30.64 
1 row Hardenpont 
В 1 row Téli esperes 25 74 5.2 75 222 13.9 34.7 
3 rows Hardenpont 
С 10 rows Hardy 66 196 19.2 34 100 42.8 80.43 
5 rows Hardenpont 
D 10 rows Hardy 50 148 19.2 50 148 36.6 82.49 
10 rows Hardenpont 
100 28.7 E 10 rows Téli esperes 34 33 98 34.6 33 98 22.5 84.66 
10 rows Hardy 
F 6 rows Hardy 66 196 24.0 34 100 45.0 92.04 
3 rows Hardenpont 
25.8 42.8 G 5 rows Hardy 50 148 50 148 101.52 
5 rows Hardenpont 
32.0 H 2 rows Hardy 66 196 34 100 47.5 110.12 
1 row Hardenpont 
29.7 I 3 rows Hardy 50 148 50 148 45.0 110.56 
3 rows Hardenpont 
J 3 rows Hardy 34 100 29.7 66 196 41.8 111.63 
6 rows Hardenpont 
148 
К 1 row Hardy 50 148 32.0 50 47.5 117.66 
1 row Hardenpont 
100 98 L 5 rows Téli esperes 34 38.2 33 98 50.0 33 36.4 123.17 
5 rows Hardy 
196 M 1 row Hardy 34 100 32.0 66 47.5 125.10 
2 rows Hardenpont 
N 10 rows Téli esperes 50 148 38.2 50 148 50.0 130.54 
10 rows Hardy 
4 rows Téli esperes 
0 4 rows Hardy 40 118 41.5 40 118 53.2 20 60 43.7 137.97 
2 rows Hardenpont 
1 row Téli esperes 
P 4 rows Hardy 10 30 55.0 40 118 62.5 50 148 42.8 153.59 
5 rows Hardenpont 
1 row Téli esperes 
R 1 row Hardy 25 74 55.0 25 74 68.0 50 148 43.7 155.77 
2 rows Hardenpon t 
S 1 5 rows Téli esperes 50 148 48.0 50 148 59.6 159.25 
5 rows Hardy 
2 rows Téli esperes 
T 2 rows Hardy 40 118 50.5 40 118 62.5 20 60 47.5 161.84 
1 row Hardenpon t 
1 row Téli esperes 
и 
1 row Hardy 34 100 55.0 33 98 68.0 33 98 47.5 168.18 
1 row Hardenpon t 
V 1 row Téli esperes 50 148 55.0 50 148 68.0 182.04 
1 row Hardy 
Note: In the blocks the varieties are replicated a t least once 
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Table 2 
Arrangement of variety blocks in a pear orchard of 7.5x4.5 m spacing, 
and amount of fruit per tree in the individual blocks (Length of rows: 515 m) 
(1973, Kutas) 
Serial 
n u m b e r 
of 
blocks 
Var ie ty rows m 
the block 
Average 
yield in 
t h e block 
(kg/ t ree) 
Rows m a r k e d out 
for d i s t ance studies 
in pollen d o n o r varieties 
1. Hardenpont téli vaj 11 82.5 8.2 
2. Téli esperes 2 15.0 53.0 
3. Hardy va j 7 52.5 44.0 
4. Hardenpont téli va j 2 15.0 42.5 
5. Hardy vaj 1 7.5 35.0 
6. Hardenpont téli va j 10 75.0 21.9 
7. Téli esperes 3 22.5 4.8 
8. Hardenpont téli va j 10 75.0 23.5 
9. Hardy vaj 23 172.5 25.5 
10. Téli esperes 2 15.0 53.0 
11. Hardenpont téli va j 10 75.0 32.2 
12. Hardy va j 10 75.0 37.6 
13. Téli esperes 2 15.0 57.0 
14. Hardy va j 4 30.0 58.0 
15. Hardenpont téli va j 8 60.0 25.8 
16. Téli esperes 7 52.5 31.7 
17. Hardy va j 10 75.0 35.4 
18. Hardenpont téli va j 10 75.0 20.6 
Hardenpont t . v . 6—10 rows 
X 
Téli esperes 1— 2 rows 
Hardenpont t . v . 6—10 rows 
X 
Hardy vaj 1— 5 rows 
Téli esperes 
Hardy vaj 
3— 7 rows 
The f ru i t yield per tree shows great f luctuations according to block size and border 
variety. 
On the basis of the results of investigations the following conclusions can be drawn: 
— if the flowering times of the varieties do not coincide, f ru i t set t ing and frui t yield will not be 
satisfactory even in the case of the most favourable pollen donor ratio and var ie ty arrange-
ment (e.g. in the combination of "Téli esperes" and " H a r d e n p o n t téli va j " ) . 
— The effect of block size on the ainound of f rui t can only be studied in combinat ions of simul-
taneously blossoming, mutual ly fertile varieties (e.g. "Tél i esperes" X " H a r d y va j" , or 
" H a r d y v a j " X " H a r d e n p o n t téli v a j " ) . 
— In the case of self-sterile f ru i t varieties the width of the var ie ty block should be determined 
on the basis of the fruct if icat ion ability of the adjacent pollen donor var ie ty . The wider the 
block the higher the percentage fruct i f icat ion of the pollen donor variety should be. 
— According to our observations in the case of self-sterile, mutua l ly fertile pear varieties the 
most favourable pollen donor ratio varies with the f ruc t i f ica t ion percentage of the varieties. 
The ratio of pollen donor to receptor should be 1 : 1 (50—50 per cent) in the case of pear 
varieties of low fruct if icat ion, 1 : 2 (33—67 per cent) for varieties of med ium, and 1 : 3 
(25—75 per cent) for those of high fructif ication. 
* 
Prepared at the Universi ty of Hort icul ture, Depa r tmen t of Plant Genetics and Breed-
ing, Budapest , and Depar tment of Frui t Growing of the Kecskemét College. 
J . N Y É K I , M . SOLTÉSZ 
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FIVE Y E A R S ' RESULTS O F INVESTIGATIONS INTO P O W D E R Y M I L D E W I N W H E A T 
AT MARTONVÁSÁR (1971 -1975 ) . IV. T R E N D OF D A M A G E CAUSED BY P O W D E R Y 
M I L D E W 
T h e appearance, spread and damage caused by powdery mildew are not unusua l events 
in H u n g a r y . According to PÁTER (1911), in some places in the country which are exposed to 
infection wheat stands were ploughed u p as early as the 1890's owing to the high extent of 
damage. Nation-wide epidemics did not general ly occur, however, so the disease was considered 
t o be i n s i g n i f i c a n t (LINHART 1904, MOESZ 1 9 1 2 , VILLAX 1 9 4 7 , L ELLE Y RAJHÁTHY 1955) . 
Since the end of t he f if t ies, however, whea t growing in Hungary has changed consider-
ably. F r o m the earlier ex tens ive method of cul t ivat ion the coun t ry has switched over to inten-
sive w h e a t production which involves a h igher rate of fert i l izat ion, denser sowing and more 
careful tending (RAJKI 1960). This creates favourable condit ions for the development and 
spreading of powdery mildew in the wheat s t and , all the more so because the variet ies used in 
commercial production are susceptible to t h e disease. 
A powdery mildew epidemic on a na t iona l scale first occurred in 1961 (PODHRADSZKY -
CSUTI 1962). Since tha t t i m e powdery mi ldew has been reckoned with as a regular ly appearing 
pa thogen (SZUNICS— SZUNICS— BALLA 1974). The pathogen m a y cause up to a 20—30% loss 
(PODHRADSZKY —CSUTI 1964), though the m a j o r i t y of the da t a show damage of less than 10% 
(SZUNICS—SZUNICS 1 9 6 7 , HINFNER— SZABÓ 1 9 6 8 , PÁSTI 1 9 7 2 , KOLTAY— BALLA 1 9 7 5 ) . 
T h e researchers generally established the extent of damage either by inference or by 
using var ious chemical t r ea tments . In the l a t t e r case, though we obtained cer ta in data, we 
could no t f ind out what the effect exercised by the chemical on the plants was, whether it 
caused st imulat ion or depression. In an earl ier experiment, for example, the chemical JF-1230, 
applied th ree times in 400 li t /ha water at a concentration of 1 .5%, disturbed the physiological 
balance of wheat (SZUNICS—SZUNICS 1967). 
S ta r t ing from this , we used variet ies heterogeneous for resistance (Kavkaz , Avrora, 
Bezostaya 2) and hybrid populat ions (var ious generations of t h e combination of R P G 14/44 X 
Bezostaya 1) for establishing the extent of f ield damage. The p lan t s were grouped by suscepti-
bility a n d the losses caused by the infect ion were assessed on the basis of ac tua l yield data . 
However, this work had to be discontinued in 1 972 as a significant change occurred in the pow-
dery mildew population. W i t h the mult ipl icat ion of powdery mildew races (par t icular ly races 
4, 26 and 52) which a t t ack Kavkaz and o the r varieties of similar genetic s t ruc ture , as well as 
their hybr ids , since 1973 these varieties and hybrids have become susceptible (SZUNICS 1976). 
In 1972 a serious stem ru s t epidemic occurred, which provided an opportuni ty to evaluate the 
varieties and hybrids for resistance to this pa thogen as well. 
Since powdery mildew may appear in t he stands in the a u t u m n or early in the spring it 
is necessary to know the response given b y the young plants to the pathogen. Wi th this in 
view a greenhouse exper iment with four replicat ions was set u p on 28th F e b r u a r y 1975 with 
Bezostaya 1, Kavkaz, Mar tonvásár i 2 (susceptible) and Ar thur (resistant) as tes t plants . Three 
t r ea tmen t s were used: 1 — control (the p l a n t s were not inoculated and remained healthy 
th roughout the exper iment) ; 2 - inoculation at the one-leaf stage (10th March); 3 — inocula-
tion two weeks later (24th March). The green plants were harves ted on 7th April (100 plants 
per t r e a t m e n t were weighed). Thus, the n u m b e r of days f rom inoculation to harves t ing was 0 
in the control , 28 in the second t rea tment a n d 14 in the th i rd . By the end of the experiment 
the level of infection in the susceptible var ie t ies reached 100%. In the resistant var ie ty Arthur 
a few pus tu les appeared a f t e r the inoculat ion, and the leaves showed an intensive yellowing 
(chlorosis). 
T h e experimental d a t a prove tha t t h e varieties give d i f ferent responses to infection by 
the pa thogen (Table 1). Bezostaya 1 seems to be a tolerant va r i e ty ; while no decrease in the 
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Taille 1 
Effect of powdery mildew infection on the fresh weight of young plants in 1975 
(weights of 4x100 plants per treatment) 
V a r i e t y 
N u m b e r of days 
f r o m inocula t ion 
Weigh t 
g % 
Loss 
0/ 
/о 
Bezostaya 1 0 53.49 100.00 0.00 
14 57.32 107.16 + 7.16 
28 39.08 73.06 — 26.94 
Kavkaz 0 49.04 100.00 0.00 
14 43.48 88.66 — 11.34 
28 16.32 33.28 - 6 6 . 7 2 
Martonvásári 2 0 50.78 100.00 0.00 
14 47.26 93.07 - 6.93 
28 34.64 68.21 - 3 1 . 7 9 
Arthur 0 44.50 100.00 0.00 
14 41.63 93.55 — 6.45 
28 37.64 84.58 — 15.42 
S.D. 5% 
1% 
0.1% 
5.38 
7.21 
9.51 
weight of infected p lants was found on the 14th day af ter inoculation, a decrease occurred by 
the 28th day. The damage caused by the infection was the most serious in the case of Kavkaz. 
The yield loss In Martonvásár i 2 was less than in Kavkaz , bu t more than in Bezostaya 1. 
A r t h u r showed a strong defensive react ion to the at tack of the pathogen. In spite of the fact 
t h a t powdery mildew was not able to spread in this var iety, a substant ia l decrease in the green 
weight of young plants was demonst ra ted . 
The relationship between product iv i ty and degree of infection under field conditions is 
shown with Kavkaz (Table 2). The difference in yield components between resis tant and mod-
era te ly susceptible p lants is not significant, though it shows a decreasing tendency. The reduc-
tion of grain yield as a response to s t rong powdery mildew infection is connected with the lower 
level of the yield components . Taking the yield components of resistant plants as 100%, in the 
case of susceptible p lan t s (infection over 40%) they are: 
— grain weight/spike 80.0% 
— grain number/spike 86.3% 
thousand-grain-weight 95.5%. 
The plants were more severely affected by the s tem rust than by the powdery mildew. 
W h e n infected by s tem rus t even the modera te ly susceptible plants differed significantly f rom 
the res is tant ones as regards their yield components. In susceptible plants the yield loss was 
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Table 2 
Trend of yield components in the variety Kavkaz as a function 
of the intensity of powdery mildew and stem rust infection 
(1971/72) 
Gra in w e i g h t / s p i k e . . T h o u s a n d - g r a i n - w e i g h t 
T y p e of in fec t ion Gra in n u m h e r / s p i k e ^„j 
p o w d e r y 
m i l d e w 
s t e m 
r u s t 
n 
ï ± S ï % JC±SÏ О/ /О 5 ± s ; % 
R R 81 2.05 ± 0.09 100.0 44.49 ± 1.52 100.0 44.71 ± 0.77 100.0 
R MR 152 1.74 ± 0.06** 84.8 41.35 ± 1.22 92.9 41.12 ± 0.60*** 91.9 
R S 86 1.42 ± 0.07*** 69.2 35.56 ± 1.68*** 79.9 39.13 ± 0.81*** 87.5 
MR R 22 1.89 ± 0.21 92.2 38.77 ± 3.92 87.1 45.36 ± 1.33 101.4 
MR MR 30 1.89 ± 0.15 92.2 42.60 ± 2.76 97.7 43.15 ± 1.35 96.5 
MR S 13 1.23 ± 0.20*** 60.0 29.45 ± 4.49*** 66.2 41.94 ± 1.94 93.8 
S R 52 1.64 ± 0.08*** 80.0 38.40 ± 1.69** 86.3 42.73 ± 0.82* 95.5 
S MR 76 1.61 ± 0.08*** 78.5 37.70 ± 1.55** 84.7 41.48 ± 0.98** 92.8 
s S 66 1.13 ± 0.08*** 55.1 30.16 ± 1.83*** 67.8 36.24 ± 1.08*** 81.5 
* p = 
* * p = 
* * * p — 
still more substantial . The greatest damage was found in plants seriously affected by both 
powdery mildew and stem rust. Similar results were obtained with the other varieties and hy-
br id combinations. 
The relationship between yield components and powdery mildew infection and between 
yield components and s tem rust infection is negative and significant, which proves among 
o the r things tha t f rom populations heterogeneous for resistance a powdery mildew resistant 
ma te r i a l can be selected in challenging experiments. This is confirmed by the correlation coeffi-
c ients (Table 3). This is all the more interest ing because breeding for resistance can he regarded 
as a rat ional method of plant protect ion. 
As mentioned above, Kavkaz was a heterogeneous populat ion as regards resistance. In 
our experiments res is tant plants made u p 52 — 55%, moderate ly susceptible ones 11 — 14%, 
and susceptible plants 33—35% of the material . The yield loss was thus 5.2 to 7.7 % . 
The extent of the damage depends on when and with what intensity the pathogen 
appears , and on the susceptibility of the varieties grown. A 5 — 8 % loss may be evaluated from 
var ious points of view: 
1 - according to some authors , it is no great loss and does not cause any particular 
shock to the national economy; 
2 — the wheat area of Hungary is 1.3 million hectares. The national yield average is 
abou t 35 q/ha. In this case the loss is 2.3 to 3.6 million quintals . Reckoning with 240 kg seed-
grain per hectare, this means a requi rement of 3.1 million quintals . The damage caused by 
powdery mildew may thus be as much as the annual seed-grain requirement of the country. 
In our opinion this is a significant f igure which makes protection against the pa thogen neces-
sary. 
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Table 3 
Relationship between yield components and infection 
by powdery mildew and stem rust 
(1971/72) 
Designation r a b 
K a v k a z 
Powdery mildew infection— 
grain weight/spike — 0.473*** 2.09 — 0.169 
grain number/spike — 0.526*** 47.18 — 3.109 
thousand-grain-weight — 0.411*** 44.51 — 1.483 
Stein rust infection— 
grain weight/spike - 0.711*** 2.38 — 0.285 
grain number/spike — 0.771*** 50.09 — 4.344 
thousand-grain-weight — 0.824*** 47.13 — 2.423 
Avrora 
Powdery mildew infection— 
grain weight/spike — 0.348*** 1.79 — 0.104 
grain number/spike 
— 0.359*** 41.34 - 2 . 1 4 1 
thousand-grain-weight — 0.289** 42.95 - 0 . 7 4 5 
Stem rust infection — 
grain weight/spike — 0.404*** 2.08 — 0.161 
grain number/spike — 0.416*** 47.54 — 3.333 
thousand-grain-weight — 0.227* 43.41 — 0.641 
F, ( R P G 14/44X Bezostaya 1)X Bezostaya 1 
Powdery mildew infection 
grain weight/spike — 0.652*** 2.18 — 0.012 
grain number /spike — 0 602*** 47.46 — 0.211 
thousand-grain-weight — 0.464*** 47.65 — 0.115 
* * 
* * * 
r - correlation coefficient 
a = regression cons t an t 
b = regression coefficient 
P = 5% 
P = 1-0% 
P = 0.1% 
Prepared a t the Agricul tural Research I n s t i t u t e of the H u n g a r i a n Academy of Sciences, 
Mar tonvásár . 
L . SZUNICS, L . SZUNICS 
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T H E I N T R O D U C T I O N OF A G A B I C U S MACROSPOROIDES I N T O CULTIVATION 
Fruit ing bodies which served as the initial breeding material were collected on pasture l and 
a t Hortobágy on 12th May 1954. On 24th June 1974 th i s species, which h a d to be differentiated 
as a new species since its properties differed from those of known champignons , was found a 
second time at Hor tobágy (BOHUS 1974). In the course of successive exper iments , f ru i t ing b o d y 
format ion was a t t a ined in the f i f t ies , and the species was introduced into cultivation in 1970. 
One of the research workers was Adél Uzonyi-Látkóczkv who concentra ted primarily on 
clarifying the conditions of spore germinat ion (UZONYI-LÁTKÓCZKY 1965) and on elaborat ing 
a method similar to the cultivation of the two-spored champignon. Unfo r tuna te ly her ear ly 
dea th in 1970 pu t an end to these investigations. 
In this paper the results of m y own investigations are presented. 
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The place of Agaricus macrosporoides among the cultivated and wild mushrooms f rom an 
ecological point of view 
It seems tha t at a populat ion level the mushrooms of highly acidic forest soils grow 
under the most complicated conditions, and most of them are mycorrhizal such as, e.g. Boletus 
edulis, B. aestivalis and B. pinicola. In the case of these communities the complexity involves 
not only the close connection wi th woody plants b u t also the many-sided interactions between 
the species themselves. In the course of cenological examinations it was possible to fo rm an 
idea of the crowdedness of these communities. The upper layers of such forest soils are thickly 
interwoven with mycelia. The mycelia of certain species grow th rough the mycelia of others: 
fruit ing bodies appear within each other's colonies. These species assimilate an enormous num-
ber of influences; favourable, promoting and inhibi tory factors act a t the same time. T h e spores 
fall into this " to ta l ly occupied" space. Which of t h e m will germinate and settle ? Is the re any 
possibility for a new individual to establish itself a t all? It seems there must he, perhaps through 
the promoting effect of certain species in the populat ion. This seems likely, because in dis tant 
stands of certain forest types the mushroom combinat ions are similar, or at least qui te a high 
percentage of the species are identical . This could hardly he otherwise even if the site condit ions 
are similar. In the course of interact ions highly critical effects are realized, without which the 
survival of the species in question might not be ensured. In another field an answer has al-
ready been received to this question: under condit ions that exclude bacteria Agaricus bisporus 
is usually unable to develop f ru i t ing bodies. 
Progressing from the complicated si tuat ion described above to those less complicated, 
the situation for the saprophytes growing in forests is somewhat simpler due to the absence of 
mycorrhizal connections, bu t it is still complicated by the interact ions between the species. 
The si tuat ion is simpler in the case of Agaricus bisporus, which is also saprophyt ic and 
which usually lives on neutral or moderately alkaline manure, or manured soil in populat ions of 
bacteria or act inomycetes r a the r than with o ther mushroom species. Agaricus bitorquis lives 
under similar conditions, on neutra l or alkaline soils with no o ther mushroom species in its 
environment . 
Final ly, of the cul t ivated species, in the case of Volvariella volvacea and Stropharia 
rugoso-annulata, which grow on fresh straw, and Pleurotus ostreatus, Lentinus edodes, etc., 
which live on fresh wood, there is hardly any competi t ion to their settling even f rom bacteria 
and act inomycetes. It is not by chance tha t most species which have so far been successfully 
introduced into cultivation belong to these species. 
Agaricus macrosporoides represents an intermediate stage in the outlined ecological 
order. It lives on moderately acidic soils on grasslands with no significant competi t ion from 
other mushrooms. An oppor tun i ty was afforded to watch this area during a peak period of 
fungus product ion and it was concluded tha t the mycelial thalli of the different species were 
separated by a larger or smaller distance, or a t most they adjoined. 
M e t h o d 
Pots: 800 ml glass vessels with Petri-dish covers and paper wadding air f i l ters. 
Culture media: normal cob-grist medium: 100 g cob-grist per pot , 10 g lucerne meal , 5 g 
soya meal, 1 g mineral salt mix ture swollen with 375 ml hot water for half an hour, t hen poured 
into a glass vessel and sterilized at the desired tempera ture for 1 hour. After this the culture 
medium is t aken out of the autoclave to cool down so that the air f i l ter will not be moistened. 
The salt mix tu re used is a commercial mineral p r emix with the following salt content: secondary 
calcium phosphate , manganese sulphate, iron sulphate , zinc sulphate , copper su lphate , cobalt 
sulphate and potassium iodide. 
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Information about the composit ion of other cu l ture media and a description of f u r t h e r 
techniques are given in the discussion of the individual experiments. 
Investigations into the o p t i m u m composition of the culture media are not included in 
the publication. 
Yield % — weight of f rui t ing bodies related to the dry mat ter weight of the cul ture 
medium. For example , if the weight of the fruiting bodies is 150 g and the d ry matter weight of 
the culture medium is 100 g, then the yield percentage is 150%. 
Effect of temperature 
Mycelial growth and temperature. Agaricus macrosporoides does not seem to react to t em-
pera ture : it shows an almost op t imum growth between qui te wide t empera tu re limits (19— 28°C). 
Below 5°C the growth is very slow; below 10°C it is still protracted, hard ly reaching 1 4 % 
of the optimum ra t e of growth. By cont ras t , in 18 s t ra ins of the cultivated champignon g rowth 
below 10°C a t ta ins 25—75% of the opt imum. The o p t i m u m tempera ture is 24—27°C, t he 
max imum about 32°C; at this t empera tu re growth could not generally be observed (Tables 1 
and 2). 
The rapid growth at relatively high temperatures — even at 28°C - is interesting. I t 
may be due to the open grassy hab i t a t of this species, where under the influence of the sunshine 
t he upper layers of the soil warm u p to a higher degree. The same observation was made earlier 
on several other open field species. 
Table 3 shows the extent of mycel ium growth as a function of t empera tu re for 23 s t rains . 
The interval 18 — 20°C appears twice; in the second case the temperature was near 18°C for a 
a considerable length of time. 
Table 1 
Effect of temperature 
Mycelium growth in Treschow's synthetic 
culture solution* modified with 0.2°/o agar-
agar ; source of nitrogen: peptone. 50 ml 
culture solution in each 100 ml flask. Incuba-
tion for 20 days. Number of replications : 3 
Table 2 
Effect of temperature 
Mycelium growth in Treschow's synthetic 
culture solution modified with 0.36°o agar-
agar; source of nitrogen: peptone. 50 ml 
culture solution in each 100 ml flask. Incuba-
tion for 20 days 
Temperature °C Dry matter weight 
of mycelium, mg 
3 1 - 3 2 5 
2 8 - 3 0 1 4 1 
2 3 - 2 4 . 5 1 6 4 
1 9 - 2 2 . 5 1 5 7 
1 5 — 19 9 2 
1 3 - 1 6 8 6 
1 0 1 3 . 5 5 5 
8 1 0 . 5 2 2 
3 . 5 — 5 not measurable 
(growth: I m m ) 
Tempera tu r e 
°C 
N u m b e r of 
replications 
Dry m a t t e r 
weight of 
mycelium, m g 
26— 27 3 168 
8 173 
2 4 - 2 5 3 163 
8 165 
* Composition of Treschow's cul ture solution (1944) without the nitrogen source: 10 g 
glucose, 0.2 g KCl, 0.2 g MgS04 • 7 I L O . 0.2 g CaCl, • 6 H „ 0 . 0.2 g K H . , P 0 4 . 0.72 g N a „ H P 0 4 • 
• 7 H.,0. 1 ml 1° Ó FeCl3 • 6 H 2 0 , 0.1 g malt ex t rac t , 50 ^/g aneurin dissolved in distilled 
wa te r to 1000 ml (ad jus ted to p H 6.5 by means of N/1 NaOH). 
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Table 3 
Mycelium growth in test tubes containing 3% malt extract-agar. in diffuse light. Number of 
replications: 1. Year of experiment : 1974 
Strains* 
7 19.11. 22.I I I . 3.IV. 22 . IV, - 4.V. 
18 —20°C 
23.V. 4 .VI . 27.VI. 9 . V I I . 
IS 19°C 18 - 20°C 21 22°C 23 24°C 
Radial g r o w t h of mycelium in n u n 
Sp. 1. 21 32 19 33 22 
Sp. 2. 26 36 32 37 18 
Sp. 3. 34 33 31 52 
Sp. 4. 16 20 19 2 5 33 
Sp. 5. 25 36 37 46 44 
Sp. 7. 19 37 26 27 33 
Sp. 8. 9 9 10 14 8 
Sp. 9. 18 33 33 30 44 
Sp. 10. 19 32 24 27 30 
Sp. 11. 29 37 34 42 46 
Sp. 12. 23 41 30 38 29 
Sp. 13. 19 35 28 37 47 
Sp. 14. 27 40 40 39 37 
Sp. 15. 23 33 42 42 38 
Sp. 16. 32 22 35 44 31 
Sp. 17. 20 43 38 40 
Sp. 18. 8 41 33 42 41 
Sp. 19. 23 40 32 33 42 
Sp. 21. 25 29 30 42 26 
Sp. 22. 6 33 30 38 29 
A.m. 14/3. 31 25 32 46 48 
A.m. 14/3/1. 25 16 37 35 
A.m. 20. 23 38 37 28 42 
* Sp. = monospore . A.m. = multispore cultures. To attain a more uniform growth 
primordia were used for inoculation, except in culture Sp. 8, which lost its capacity to develop 
pr imordia (owing to this change its growth also became slower) 
Fruiting body formation and temperature 
In a number of experiments the role of tempera ture was found to be more complicated 
f rom the point of view of fruit ing body formation. It could be demonstrated t h a t fruiting body 
format ion required lower temperatures t han mycelium growth . This was indicated by the fol-
lowing da ta : 1) the weight of fruiting bodies produced a t 23—24°C was only 4 0 % of the weight 
of those developing a t 19—22°C (Table 4); 2) in cultures of different age (one and a half to 
two months), where the mycelia had developed at a t empera tu re of 24 —28°C, the f ru i t ing 
bodies appeared at once when the t empera tu re was reduced permanently to 20—22°C; 3) at 16— 
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Table 4 
Temperature and fruiting body weight. Grown 
on a normal cob-grist culture medium for 90 days 
Tempera tu re 
D r y m a t t e r weight of 
t h e culture medium 
g 
Frui t ing 
body weight 
F ru i t i ng body weight 
per 100 g dry mat te r 
w e i g h t of culture 
m e d i u m g 
2 3 . 4 — 2 3 . 8 ° C 580 183 31 
1 9 — 2 2 ° C 1080 915 8 4 
20°C the f ru i t ing bodies appeared earlier: 4) above 22°C Agaricus mncrosporoides o f ten does not 
produce f ru i t ing bodies at all. I n one of the exper iments not a single fruiting body developed 
at 25°C in 108 days, in an other experiment similarly in 67 days, while at 20°C 14 f ru i t ing bodies 
grew- during the same time, some 80% of the usua l to ta l yield. 
The results of many exper iments demonstra te t h a t cultures should be kept at 1 6— 19(20)°C 
if fruit ing bodies are to be obta ined. Further, it has been shown t h a t on certain " r i c h e r " cul-
ture media — e.g. those with cob-grist as basic mater ia l - there mus t be special t empera tu re 
Table 5 
Change of temperature and fruiting body formation. Grown on a normal cob-grist culture 
medium. The 11 cultures were 40--50 days old at the beginning and 80—90 days old 
at the end of the observation 
D a t e 
1973 
Tempera tu re , 
°C 
Number of 
developing 
f rui t ing bodies 
Da t e 
1973 
T e m p e r a t u r e 
°C 
N u m b e r of 
d e v e l o p i n g 
f r u i t i n g b o d i e s 
Sept. 4 19 .4 Sept . 23 1 9 . 2 2 
5 19 .4 24 1 9 . 2 
6 19 .4 25 18 .4 
7 19 .6 26 1 8 . 2 
8 20 .0 27 1 8 . 0 
9 2 0 . 2 — 1 9 . 4 28 1 7 . 6 5 
10 1 9 . 6 — 1 8 . 0 29 1 7 . 6 1 
11 1 9 . 6 — 1 8 . 0 30 1 7 . 6 
12 19 .4 
Oct. 1 1 7 . 4 
1 3 20 .4 
14 2 0 . 2 7 2 1 7 . 2 
15 2 0 . 4 1 3 1 7 . 2 
16 2 0 . 0 4 1 7 . 2 — 1 8 . 2 
17 2 0 . 0 5 1 8 . 2 
18 19 .2 6 1 8 . 2 3 
19 1 9 . 2 - 1 7 . 8 7 18 .4 7 
20 1 9 . 4 — 1 7 . 2 8 1 8 . 6 3 
21 19 .4 3 9 18 .6 3 
22 19 .4 10 1 8 . 2 
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effects at a later stage of f rui t ing body induct ion, since a l though many fruiting body primordia 
are able to appear af ter the development of the mycelium more or less irrespective of the tem-
pera ture . the regular development of pr imordia into f rui t ing bodies requires 16— 1 8°C for at 
least 2 — 3 days. I t was found tha t in cul tures kept at t empera tu res higher t h a n 18°C after the 
growth of the mycelium numerous pr imordia which appeared grew somewhat more, became 
tuher-like and deformed, new primordia appeared on them, then all of them gradually died. 
This process was repeated unti l one of the primordia nevertheless succeeded in developing into 
a f rui t ing body. This phenomenon does not occur if the cul tures are placed at a temperature of 
18°C or lower soon a f te r the completion of t he mycelium development . On " p o o r e r " * culture 
media e.g. those wi th straw as basic mater ia l — tempera tu res of 18°C or lower after the 
completion of the mycel ium development are just as necessary for fruiting body formation as 
in the former case, except tha t the pr imordia do not develop into deformed tube r s and do not 
die even if the t empera tu re is higher. 
Temperature f luc tua t ions between 16° and 20°C have a favourable effect on fruiting 
body formation (Table 5). 
T a b l e 6 
Temperature conditions at Hortobágy in June 
1974 
Date M a x i m u m °C M i n i m u m °C 
June 8 17 10 
9 19 8 
10 22 14 
11 15 13 
12 17 11 
13 12 10 
14 12 10 
15 12 8 
16 17 8 
17 23 8 
18 25 13 
19 25 14 
20 27 14 
21 22 13 
22 25 10 
23 24 17 
24 25 17 
* The terms " r i c h " and "poor" do no t , in fact, refer to higher and lower nutr ient con-
tents , hu t rather to a stronger or weaker inclination to f ru i t ing body format ion , as induced 
by the composition of the culture medium. On certain cob-grist culture media (e.g. in the ex-
per iments on 25th November 1974, and 7th , 13th and 19th March 1975) the appearance of 
f ru i t ing body primordia was so intensive t h a t in spite of the f ac t t h a t the t empera tu re was lower 
than 18°C many primordia first grew prolificallv and then died. Л fur ther ef fect of the un-
known factor of the cul ture medium was the production of m a x i m u m in most of these experi-
ments . 
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Table 5 is just one example of a n u m b e r of similar observations. It shows t h a t a special 
change of temperature induces fruiting body formation. Namely , when the t empera tu re falls 
by one or two degrees, f rom 19 20°C to 17—18°C, or increases by one or two degrees from the 
hit ter level fruiting bodies s tar t to develop sooner or later a f te r the change in temperature. 
An opposite example : in the f ru i t ing body formation period the t empera tu re was per-
manent ly 16.5—17°C over 24 days; a l though fruit ing bodies were produced in some of the 14 
cultures, in the others only fruiting body primordia appeared, some of which were dying. In 
these cultures in the absence of temperature f luctuat ions the primordia were not able to de-
velop into fruiting bodies in spite of the favourable tempera ture . 
This special heat requirement for f ru i t ing body format ion seems to agree wi th the results 
of the few field observations made so far , since mushrooms have been collected once in the first 
half of May, and once on 24th June, af ter a period of cool weather . The t rend of temperature 
before the appearance of the fruiting bodies is shown in Table 6. 
Effec t of light 
Mycelium growth and light. Light has no special effect on the growth of the mycelium. 
The interlacing of the cul ture medium is largely the same in the light and in the dark . One differ-
ence m a y be observed, however, when the mycelium develops in the light: the f rui t ing body 
pr imordia appear earlier. In one of the exper iments , on a cul ture medium containing eob-grist 
as basic material , many f rui t ing body pr imordia developed in the light within 30 days, while in 
cultures kept in the da rk no primordia were observed in the same period. Mycelium growth in 
the light may also result in the earlier appearance of the f ru i t ing bodies, but according t o 
the results of experiments performed so far — does not influence the yield. 
Fruiting bodv formation ami light 
Light is necessary during the period of fruiting body format ion: the a m o u n t of light 
influences the shape of the mushroom. W i t h o u t light the stipe mainly at its lower part 
will be th ick , and the pileus small. For example , on 21st August 1972. in mushrooms growing 
in the dark the thickness of the stem was 3.5 cm and the pileus diameter 1 cm; on another 
occasion (25th October 1973) the same measurements were 4.5 and 1 cm, respectively. (Fig. 2a). 
The more the light the wider the pileus and the shorter the stipe. By varying the a m o u n t of light 
the shape of the mushroom can he more or less modified as required. With a specific amount 
of light mushrooms with longer stems and moderately broad caps can be produced which are 
easy, to pack (Figs. 21), 3). Mushrooms growing in full light in nature have broad caps up to 25 
cm in diameter , while their stems are re la t ively short (8 9 cm) and thick (4 cm) (Fig. I). 
Frui t ing bodies in the course of development may stop growing if the light is removed. 
Light is one of the factors that de termine the vertical position of the f rui t ing body. 
Frui t ing bodies turn more or less towards t he light. Turning f r o m a horizontal to a vertical posi-
tion has also been observed. A 1.5 cm long f ru i t ing body growing horizontally on the surface of 
the cul ture medium in a thermosta t wi thou t illumination on 11th February 1972 turned into 
a vert ical position and a t ta ined a weight of 85 g within 4 days after a 15 W neon tube was 
switched on at a distance of 40 cm. I t was found that the bending of the stipe had no part in 
this change of position, since the stipe was only slightly curved: t ha t part of the stipe base which 
was in contact with the cul ture medium grew in such a way as to gradually raise the stipe into 
a vert ical position. 
The intensity of illumination also plays a role among the factors determining the site 
of appearance of the f ru i t ing bodies. If t r anspa ren t culture vessels are used and if the intensity 
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Fig. 2a. F r u i t i n g bodies growing w i t h o u t l ight . 2 /5 size. 
h. Fru i t ing b o d i e s growing in a r t i f i c i a l l ight . 2 /5 size. 
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H o r t o b á g y N . P . : n e i g h b o u r h o o d of N a g y i v á n , 2 4 t h J u n e 1974. coll. M. Babos 
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of l ight is rather high (around 400 lux) , the frui t ing bodies appear not only on the o p e n upper 
horizontal surface, but also — t h o u g h to a smaller e x t e n t — on the closed lateral wal ls . If the 
in tens i ty of l ight is decreased to 60 lux . all of the 134 fruiting bodies, grown during one obser-
vat ion per iod, appeared on the open horizontal surface. 
The water content of the culture m e d i u m , the role of air humidity, 
and transpirat ion 
During mycelium development. The water d e m a n d of this species did not seem to dif fer 
from that of Agaricus bisporus. W h e n grown under sterile condit ions the m y c e l i u m inter laces 
the culture m e d i u m so dense ly that it b e c o m e s impermeable b y water; water cannot , therefore , 
be a d d e d afterwards. Thus , the total a m o u n t of water required unti l y ie ld product ion shou ld be 
added w h e n the culture m e d i u m is composed . T h e amount of water necessary in the case of 
sterile cu l t iva t ion , mainta in ing sterile condi t ions during the full d e v e l o p m e n t of the m y c e l i u m , 
is 7 5 — 8 2 % of the culture m e d i u m — 7 5 % w i t h cob-grist and 8 2 % w i t h straw peat as basic 
material . 
Air h u m i d i t y should be about 90%, in order to reduce the water loss in the upper layers 
of the culture medium to a m i n i m u m . 
During fruiting body formation. The water content of the culture m e d i u m and the e x t e n t 
of air h u m i d i t y were found to have an in f luence on the place where the fruit ing bodies appear 
and on the direction in w h i c h t h e y grow. W i t h a relative humidi ty of around 100%, 95— 1 0 0 % 
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of t he f r u i t i n g bod ie s are ver t i ca l . If less t h a n the u s u a l a m o u n t of w a t e r w a s a d d e d to t h e cul-
t u r e m e d i u m , a n d h a r v e s t i n g t o o k place a t a h u m i d i t y lower t h a n 9 0 % , I he p r o p o r t i o n of n o n -
ver t ica l f r u i t i n g bodies and of t h o s e developing in d e e p e r layers of t h e c u l t u r e m e d i u m w as as 
h igh as 7 0 % . EGER (1964) f o u n d t h a t in vitro t h e f ru i t i ng bodies of Macrolepiota rhacodes 
showed no geo t rop i c reac t ion . H e exp la ined th i s b y t h e inabi l i ty of t h e a r t i f i c ia l growing condi -
t ions to sa t i s fy t h e r e q u i r e m e n t s of the m u s h r o o m . 
As to t h e role of air h u m i d i t y f u r t h e r q u e s t i o n s arose. 1) If t h e f r u i t i n g bodies beg in 
growing u n d e r h u i n i d condi t ions will t h e y c o n t i n u e to grow at a lower h u m i d i t y , a n d if so, 
will t hey be of r egu l a r s h a p e ? T h i s ques t ion is r e l a t e d to the a s s u m p t i o n m a d e for t he t i m e 
be ing on t he bas i s of very few d a t a - t h a t Agaricus macrosporoides is a s t e p p e species. 2) H o w 
high is the t r a n s p i r a t i o n of t h e f r u i t i n g bod ies? F r u i t i n g bodies w h i c h s t a r t e d to g row a t a 
h u m i d i t y of a b o u t 1 0 0 % were f o u n d to con t inue g rowing unt i l t h e y were fu l ly deve loped e v e n 
w h e n the air h u m i d i t y fell to 50 6 0 % ; the drier a i r h a d no h a r m f u l e f f e c t on t h e m . E v e n v e r y 
d r y air w i th a h u m i d i t y of 3 5 % h a d no u n f a v o u r a b l e in f luence on t he d e v e l o p m e n t of t h e f r u i t -
ing bodies. M u s h r o o m s growing u n d e r such cond i t i ons , however , b e c a m e of ha rde r t e x t u r e , 
t h a t is r e l a t ive ly heav ie r t h a n those deve loping in h u m i d air. 
The d a t a in Tab le 7 give i n f o r m a t i o n a b o u t t h e degree of t r a n s p i r a t i o n . T h u s , if Agaricus 
macrosporoides is compared to t h e species e x a m i n e d b y MOSER (1965), i t is f o u n d to belong to t h e 
g r o u p of species w i t h re la t ively low t r a n s p i r a t i o n . F r u i t i n g bodies deve lop ing in a h u m i d e n v i r o n -
m e n t show inc reased t r a n s p i r a t i o n c o m p a r e d to t h o s e growing in " d r y " air . The a m o u n t of 
w a t e r e v a p o r a t e d and rep laced is q u i t e cons iderab le even if the t r a n s p i r a t i o n of the f r u i t i n g 
bodies is r e l a t ive ly low. 
In t he case of a f ru i t ing b o d y weighing 95 g, a t a re la t ive h u m i d i t y of 3 5 % , the a m o u n t of 
w a t e r e v a p o r a t e d w a s 33 g, o n e - t h i r d of the we igh t of t he f ru i t ing b o d y . Th i s obse rva t i on , t o -
ge the r wi th t h e f a c t t h a t this f u n g u s species is ab le t o p roduce f r u i t i n g bod ie s even u n d e r s u c h 
a r id condi t ions impl ies t h a t t he t r a n s p o r t of w a t e r is qu i t e rap id , t h o u g h it is d i f f icul t to i m a g -
ine how it t a k e s place. 
Table 7 
Transpiration of fruiting bodies in mg per g fresh weight and per hour 
Vapour c o n t e n t 
percentage 
dur ing g r o w t h of 
f ru i t ing bodies 
Fresh weight a t 
the beginning 
of t ranspi ra t ion , 
( 
Transp i ra t ion in mg/g 
fresh weight in t h e 
1st 2nd 3rd 4 th 
hour 
Vapour con ten t pe rcen tage 35 
Tempera tu re : 16 18 °C 
No te 
3 5 9 4 . 5 4 1 5 . 6 1 5 . 3 1 5 . 4 1 4 . 4 F r u i t i n g b o d y squa t 
3 5 7 7 . 0 2 2 . 0 2 2 . 5 
1 0 0 5 1 . 8 2 1 . 0 1 9 . 2 2 1 . 0 1 9 . 8 
1 0 0 3 8 . 1 2 8 . 5 2 7 . 2 2 8 . 5 
1 0 0 11.0 3 8 . 7 4 0 . 3 3 7 . 1 F r u i t i n g body small 
Vapour content pe rcen tage 40 
Tempera tu re : 25 25.5°C 
9 0 — 1 0 0 3 0 . 6 4 1 . 0 I 4 3 . 1 4 3 . 3 
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Air r e q u i r e m e n t 
There is no special air r e q u i r e m e n t du r ing m y c e l i u m d e v e l o p m e n t . T rue , it f i r s t covers 
t he we l l -ven t i l a t ed surface a n d o n l y la te r p e n e t r a t e s in to the deeper l aye r s , b u t it does so a t a 
good ra te e v e n if t he cul ture m e d i u m is re la t ive ly c o m p a c t . Th is shows t h a t in glass o r o t h e r 
a i r t igh t p o t s t h e absence of a i r a n d the h igher c a r b o n dioxide c o n t e n t in the deeper l aye r s 
does not e x e r t a n y h a r m f u l e f f e c t on the m y c e l i u m . 
F r u i t i n g bodies grow on t h e sur face of t h e s u b s t r a t e exposed to t h e a t m o s p h e r e . D u r i n g 
f r u i t i n g b o d y f o r m a t i o n c a r b o n d iox ide- induced inh ib i t ion a p p e a r s in Agaricus bisporus as 
soon as the c o n c e n t r a t i o n exceeds a cer ta in low v a l u e . W i t h Agaricus macrosporoides th i s inh ib i -
t ion canno t be obse rved . E v e n in glass cul ture p o t s v e n t i l a t e d i n su f f i c i en t l y t h r o u g h a c o t t o n 
a i r fi l ter r e g u l a r f ru i t ing bodies deve lop . Thus , t h i s m u s h r o o m does n o t r equ i re the i n t ens ive air 
exchange used fo r Agaricus bisporus. I n v e s t i g a t i o n s m a d e so fa r h a v e shown t h a t in a space 
t e n t imes t h e v o l u m e of the c u l t u r e m e d i u m v e n t i l a t i o n twice a d a y is su f f i c i en t . W i t h o u t th i s , 
however , d e f o r m e d f ru i t ing bod ie s develop. If t h e c u l t u r e s p r o d u c i n g d e f o r m e d f r u i t i n g bod ies 
were t r a n s f e r r e d to be t t e r v e n t i l a t e d condi t ions t h e f ru i t i ng bod ies s u b s e q u e n t l y d e v e l o p e d 
were of r e g u l a r shape . 
T h e effect of t he hvd rogen ion concen t r a t i on in t he c u l t u r e medium 
The q u e s t i o n arose, w h a t p H values were p r e f e r r e d or t o l e r a t e d b y Agaricus macrospo-
roides. Since t h e r e was no o p p o r t u n i t y to m a k e f ie ld s tud ies on t h i s s u b j e c t , we e x a m i n e d t h e 
regu la tory c a p a c i t y of the f r u i t i n g b o d y , tha t is, i t s inf luence on t he ac id i ty of its i m m e d i a t e 
e n v i r o n m e n t ( m e t h o d : B o n u s 1973). 
The r e s u l t s of the e x a m i n a t i o n suggest t h a t th i s species is of subac idoph i lous c h a r a c t e r : 
the regula t ion p roduces a p H - v a l u e slightly ove r 5.5 (Table 8). 
Table 8 
Regulation of mycelium and fruiting bodies 
in non-buffered solution series 
M y c e l i u m Frui t ing bodies 
2.IV.69 4.VI.69 4.VI.69 23 .X.69 
p H alues 
a a ь a h ь a b 
3 . 3 4 . 5 3 . 0 4 . 1 3 . 0 4 . 5 3 . 3 4 . 7 
4 . 2 5 . 5 4 . 0 5 . 4 4 . 0 5 . 7 4 . 2 5 . 6 
5 . 1 5 . 6 5 . 5 5 . 8 4 . 8 5 . 9 5 . 1 5 . 7 
6 . 1 5 . 9 6 . 1 5 . 9 6 . 1 6 . 0 5 . 9 5 . 8 
7 . 0 6 . 0 6 . 8 5 . 9 6 . 9 6 . 1 7 . 2 6 . 1 
8 . 1 6 . 3 6 . 9 6 . 1 7 . 5 6 . 3 
a so lu t ions a d j u s t e d t o t h e ind ica ted p H - va lue b u t n o t b u f f e r e d 
b - p H - va lues c h a n g e d b y t he m y c e l i u m colonies or f r u i t i n g bodies a f t e r 1 h o u r 
of i ncuba t ion a t 24°C 
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Mycel ium g r o w t h and the h y d r o g e n ion c o n c e n t r a t i o n of the m e d i u m 
As w a s men t ioned a b o v e (BOHUS 1973), i t is d i f f icul t to d e t e r m i n e the p H r e q u i r e m e n t of 
t he m y c e l i u m by m e a n s of in vitro e x p e r i m e n t s , because t he r e s u l t s depend on t h e composi t ion 
of t he c u l t u r e media . F o r e x a m p l e , w h e n t h e ca rbon source is saccharose a p H of 6.5 is unfa-
v o u r a b l e whi le p H 4.0 is f a v o u r a b l e . On t h e o the r hand , w h e n t h e carbon s o u r c e is glucose 
b o t h degrees of ac id i ty a re f a v o u r a b l e ( T a b l e 9). 
In t h e case of glucose more f a v o u r a b l e condi t ions can b e c rea ted by b u f f e r i n g to p H 5 
(Tab le 10). 
In o rde r to ob t a in f u r t h e r i n f o r m a t i o n a bu f fe r series w a s used wi th glucose as the car-
bon source (Table 11). 
I t can be es tab l i shed t h a t wi th T r e s c h o w solution (TRESCHOW 1944) t h e o p t i m u m p l l -
va lue is b e t w e e n 5 and 6. F u r t h e r m o r e , t h e m y c e l i u m g rowth is f a i r l y good e v e n u n d e r highly 
acidic cond i t ions ( p H 4). Th i s was d e m o n s t r a t e d by e x p e r i m e n t s a imed a t s t u d y i n g t he utili-
za t ion of a m m o n i u m sal ts . D u r i n g t he a s s imi l a t ion of a m m o n i u m salts t he p H - v a l u e of the 
Tab l e 9 
Effect of pll on saccharose and glucose utilization in Treschou's 
synthetic culture solution, at 22.5 — 24.5°C. 50 ml culture solution in 
each 100 ml flask. Incubation : 20 days. Number of replications: 4 — 6 
Carbon sources 
in a 1% 
quan t i ty 
Nit rogen sources 
in a 0.1% 
quan t i ty 
In i t i a l p l l Final p H 
Dry m a t t e r 
weight of 
mycelium, 
mg 
D-glucose peptone 6.8 6.9 93 
Saccharose 6.5 7.0 7.1 12 
glycocol 6.8 7.1 7 
Buffered to pH 4 (1 p a r t cu l tu re solution + 1 p a r t phospha te 
b u f f e r solution) 
D-glucose pep tone 3.8 3.8 70 
Saccharose 4.0 3.8 4.3 75 
glycocol 4.1 4.5 50 
Tab le 10 
Effect of pll on glucose utilization in Treschou's synthetic culture solution 
at 23.9 — 24.7°C. Nitrogen source: peptone. 50 ml culture solution 
in each 100 ml flask. Incubation : 20 days. Number of replications: 4 
Carbon source In i t i a l p H Fin al p H 
D r y m a t t e r 
we igh t of 
m y c e l i u m , 
m g 
6.5 5.7 5.9 102 
5.0 
0 . 5 % D-glucose buf fe red (1 p a r t phospha te 
buf fe r so lu t ion + 1 pa r t 
cul ture so lu t ion) 
4.9 5.0 162 
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Table 11 
Effect of pH on mycelium growth in Treschoivs synthetic culture solution at 23.8—24.2°C. 
Nitrogen source: peptone. 50 ml culture solution in each 100 ml flask. Incubation: 30 days. 
Number of replications: 4 
p H - va lues ad jus ted with p h o s p h a t e 
bu f f e r (3 p a r t s buffer solution H- 2 p a r t s 
cul ture solution) 
p H - 3 p H 4 p H 5 p H 6 p H 7 p H 8 
Dry m a t t e r weight of myce-
l ium, mg 0 135 144 201 8 6 0 
n u t r i e n t solution fell t o p H 3—4 wi th in a few days, b u t t h e mycelium p roduc t i on of this 
species was still fairly good compared to m a n y other m u s h r o o m species, because i t tolerated the 
h igher acidity of the m e d i u m relatively well. 
Frui t ing body format ion and the pH of t he cul ture medium 
This question can bes t be examined under sterile g rowing conditions a n d on a complex 
cu l tu re medium. F ru i t i ng body fo rma t ion can be a t ta ined w i t h culture m e d i a above p H 6, 
somet imes even at a p H - va lue of 6.7. If a sat isfactory yield is to be obtained t h e hydrogen ion 
concen t ra t ion of the cu l tu re medium should be below p H 6. W e obtained a good yield even on 
a cu l tu re medium wi th an initial p H - va lue of 4.5. 
Mycelium growth does not subs tan t i a l ly change the ac id i ty of the cu l ture medium, b u t , 
in an interesting manner , the frui t ing b o d y format ion has a considerable effect on it (Table 12). 
Other exper iments also showed t h a t the final pH- va lue was mostly b e t w e e n 4.2 and 4.7. 
W i t h i n one part icular expe r imen t there w a s no correlation be tween the a m o u n t of yield and 
the f ina l p H - value (Table 13). 
Table 12 
Changes in the acidity of the culture medium 
in the course of fruiting body formation 
p H v a l u e s 
A f t e r myce l ium growth A f t e r harves t ing 
5.8 4.9 
5.5 4.5 
4.9 4.2 4.5 
5.1 5.2 4.3 
Table 13 
Yield and final pH 
Growing on normal cob-grist culture medium 
for 90 days 
Yie ld % Final p H 
101 4.5 
94 4.5 
79 4.5 
Steri l ization t empera tu re of the cul ture medium and 
the speed of mycelium development 
The best way to s t u d y this ques t ion was by inocula t ing the centre of t he surface of the 
cu l ture medium and measur ing the d i a m e t e r of the myce l ium colony. 
The opt imum ster i l izat ion t e m p e r a t u r e was found to be 104—115 — (120)°C in the case 
of cob-grist , and 120°C w i t h wheat or r y e s t raw as the bas ic mater ia l . I t is a t these tempera-
tu res t h a t the basic ma te r i a l is best b roken down for the myce l i um (Table 14). T h e 100°C is also 
su i tab le in the case of cob-grist . 
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Tab le 14 
Temperature of sterilization and extent of mycelium growth 
Date of inocula t ion 
Basic ma te r i a l 
for cu l t iva t ion S t r a i n 
Ster i l izat ion 
t e m p e r a t u r e 
°C 
Diameter of su r f ace tha l lus 
and dep th of p e n e t r a t i o n 
into cu l tu re m e d i u m 
(figure a f t e r s t r o k e ) a f t e r 
18 daye ' i n c u b a t i o n a t 
abou t 24°C, 
c m 
7.1.74. cob-grist 14/3 135° 3 
12.X.74. 
25.X.74. 
24.11.75. 
7 . I I I .75 . 
19.111.75. 
8.IV.75. 
14/74 
115° 
9/2 
9/2 
9 
9/4 
9/3 
9/5 
25.X.74. 
31.X.74. 
25 .XI .74 . 
6 . X H . 7 4 . 
13.I I I .75. 
14/3 
9/1 
9/2 
9/3 
9/3 
9/3 
31.X.74. 14/4 9/3 
22.1.74. 
23.1.74. 
25.1.74. 
31.1.74. 
7 . I I I .74 . 
29.111.74. 
9.IV.74. 
19.IV.74. 
3.V.74. 
23.V.74. 
30.VH.74. 
8 .VIII .74 . 
14/3 
111° 
9 
9 /4 
9/3 
9/3 
9/2 
9 /4 
9 
9/2 
9 /2 
9 /3 
9 /3 
9/2 
8 .VIII .74 . 14/74 9/4 
10.VII.74. 
27.VH.74. 
14/4 7 
8 
30.VII .74. Sp . 14 9 /1 
27.VII.74. Sp . 16 8 
1.111.74. A m . 20 9 /2 
14.XI.70. 
29.1.72. 
11 .XII .72 . 
14/3 
104° 
9 
9 / 3 
8/2 
10.1.72. Sp . 3 9 /2 
10.11.72. Sp. 2 + Sp. 3 9/1 
8.1.75. 
19.1.74. 
cob-gris t 
-j- r ice husks 111° 
9/2 
9 /4 
29 . I I I .74 . 
21.XI .74. 
22.1.75. 
cob-gris t 
f - r y e s t r a w 
14/3 6 
9 /4 
9 /3 
14.11.74. 
21 .XI .74 . 
27.XI .74. 
18 .XII .74 . 
t rye s t r a w 120° 
9 
9/5 
9/4 
9/4 
27.111.75. w h e a t s t r a w 14/74 9/4 
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Myce l ium deve lopment 
Af ter t he i nocu la t i on t he d e v e l o p m e n t of t h e m y c e l i u m g r a d u a l l y accelerates . T h e 
grow t h at a t e m p e r a t u r e above 24°C shou ld last not on ly u n t i l the m y c e l i u m has t aken posses-
s ion of a large p r o p o r t i o n of the c u l t u r e m e d i u m b u t also u n t i l a nu t r i en t r e se rve has been accu -
m u l a t e d for f r u i t i n g b o d y f o r m a t i o n . T h i s period m u s t n o t , however , be l onge r t h a n necessa ry , 
o the rwise f ru i t ing b o d y f o r m a t i o n will na tu ra l ly be d e l a y e d . Under t h e e x p e r i m e n t a l cond i -
t i o n s used the l e n g t h of t he m y c e l i u m g r o w t h period d e p e n d e d on the m e t h o d of inocula t ion 
(Tab le 15). 
The delay of f r u i t i n g b o d y f o r m a t i o n in the case of p r o t r a c t e d m y c e l i u m grow t h is s h o w n 
in Tab l e 16. 
Table 15 
Changes in period of mycelium growth depending 
on inoculation method 
Period of g rowth 
in days 
A t c e n t r e of su r f ace 25—32 
A t m a n y poin ts of s u r f a c e 1 8 - 2 0 
S p a w n mixed w i t h c u l t u r e medium 9 - 1 3 
Table 16 
Period of mycelium growth and amount of yield in the 60 days 
after inoculation 
Method of inoculation 
Period of 
g r o w t h in days 
Number of 
exper iments 
Number of 
cultures 
Average 
yield, 
% 
A t c e n t r e of surface 2 5 - 3 2 23 54 41 
3 7 - 5 2 10 24 10 
Mixing 9 - 1 3 12 19 107 
A p p e a r a n c e of f ru i t ing bodies 
After 10 — 30 d a y s of m y c e l i u m deve lopmen t t he c u l t u r e s are p laced u n d e r the t e m p e r a -
t u r e , l ight and h u m i d i t y condi t ions o u t l i n e d above, a n d s o o n a f t e r w a r d s t h e per iod of p r o d u c -
t i o n begins; some of t h e f ru i t ing b o d y p r i m o r d i a s t a r t g r o w i n g and deve lop in to f ru i t ing bodies . 
D u r i n g the f i rs t t e n d a y s of the " p r o d u c t i o n " period, m u s h r o o m s were v e r y se ldom o b t a i n e d : 
in t h e expe r imen t s p e r f o r m e d so f a r o n l y in 4 % of t h e c u l t u r e s ; du r ing t h e second ten d a y s , 
t h e y appeared a t a f a s t e r r a t e : in 3 3 % of the cul tures , a n d dur ing t he t h i r d t e n days in 3 7 % . 
T h e t ime when t h e f i r s t f ru i t ing bod ie s a p p e a r is i n f l u e n c e d b y the basic m a t e r i a l and the m e t h -
od of inocula t ion: on cob-gris t i n o c u l a t e d in the c e n t r e of the surface it is 22 days , on s t r a w 
bas i c mater ia l 32 d a y s , a n d if the s p a w n is mixed wi th t h e c u l t u r e m e d i u m i t is 26 days on ave r -
age (Table 17). In t h e paral le l cu l tu res in t h e expe r imen t s t h e f ru i t i ng bodies o f t e n do not a p p e a r 
a t t he same t ime , a l t h o u g h the c o n d i t i o n s are p r a c t i c a l l y ident ical . T h e appea rance of t h e 
f r u i t i n g bodies d u r i n g t h e p r o d u c t i o n p e r i o d is inf luenced b y t h e m e t h o d of s p a w n i n g , the s t r a i n 
u s e d , the compos i t ion of t he cu l tu re m e d i u m and o ther f a c t o r s . R e l e v a n t e x a m p l e s are shown in 
T a b l e 18. 
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T a b l e 17 
Harvesting time of the first fruiting bodies 
N u m b e r of days from t h e 
beginning of production in 
Number of d a y s f r o m t h e 
beginning of p r o d u c t i o n in 
Da t e of inocula t ion 1st 2nd 3rd D a t e of inoculation 1st 2nd 3rd 
para l le l culture parallel c u l t u r e 
Basic ma te r i a l : cob-grist; i nocu l a t i on in the c e n t r e of the surface 
6 . I I I .70 . 13 26.VI.73. 14 14 15 
3.IV.70. 10 25 31 13.VII.73. 27 29 32 
l l . V . 7 0 . 22 22 38 21.VII.73. 12 13 15 
10 .VII I .70 . 3 17 11.X.73. 20 27 
22 .VII I .70 . 27 24.X.73. 13 21 21 
17 . IX.70. 6 16 37 17.1.74. 14 28 
14 .XI .70 . 16 18 18 22.1.74. 16 38 
4.1.71. 18 21 31 23.1.74. 15 36 
16.11.71. 18 31 25.1.74. 23 38 
24 . I I I .71 . 26 28 30 31.1.74. 24 27 35 
27.VII .71 . 25 1.III .74. 22 
2 .VII I .71 . 13 9.IV.74. 35 36 36 
17.VI1I.71. 28 31 33 23.V.74. 23 26 32 
20 . IX.71 . 17 14.VI.74. 4 7 
4 . I I .72 . 15 16 22.VII.74. 24 26 
10.11.72. 20 27.VII.74. 13 26 
I I . I I . 7 2 . 15 17 22 30.VII.74. 16 18 20 
18 . I I I .72 . 30 8.VIII .74. 10 17 32 
20 . I I I .72 . 16 16 17 12.X.74. 14 15 17 
25 . I I I .72 . 28 37 25.X.74. 14 24 35 
31 . I I I .72 . 21 22 25.XI.74. 13 14 28 
26.IV.72. 33 37 15.1.75. 37 
12 .XI I .72 . 27 27 31 12.11.75. 22 24 
18 .XI I .72 . 14 18 26 24.11.75. 21 21 
22 . I I I .73 . 18 7 . I I I .75. 21 22 
7.IV.73. 15 17 13.III .75. 34 34 
9.V.73. 15 15 15 19.III .75. 19 22 
31.V.73. 17 31 34 8.IV.75. 17 20 
4.VI.73. 34 19.XI.75. 18 18 
Basic m a t e r i a l : s t r a w ; inocu la t ion in the cen t r e of the surface 
14.11.74. 19 22 15.1.75. 38 
21 .XI .74 . 21 35 22.1.75. 56 
21 .XI .74 . 40 42 21.11.75. 33 
27 .XI .74 . 8 27.111.75. 24 
18 .XI I .74 . 31 31 8.IV.75. 28 
Basic m a t e r i a l : s t raw; s p a w n m i x e d with the c u l t u r e medium 
7.IV.75. 19 21.VII.75. 29 33 
17.IV.75. 16 5.VIII .75. 26 26 
8.V.75. 21 22 27 13.IX.75. 21 
15.V.75. 25 5.X.75. 28 29 
24.V.75. 16 22 4 .XI .75. 24 
30.V.75. 24 27 38 27.XI.75. 22 26 
20.VI.75. 27 28 36 9 .XII .75 . 21 25 
10.VII .75. 37 49 
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Table 18 
Appearance of fruiting bodies during the production period. 
Source of nitrogen: 5 % soya meal -j- 10% lucerne meal. Any difference indicated 
D a t e of inoculation 
Ster i l izat ion 
t e m p e r a t u r e in 
°C a n d number 
of replicat ions 
D a t a on t h e composition of t h e 
c u l t u r e medium and on t h e inocu la 
Yield % 
n u m b e r of days f rom 
inocula t ion 
55 60 65 70 90 
Basic m a t e r i a l : cob-gris t . Inocula t ion in t h e cent re of t he su r f ace . 
Inocula: in genera l wheat g r a i n spawn inocu la t ed f r o m a mal t a g a r culture 
14/3 
14.XI.70. 105° 3 I n o c u l a : wheat g r a in s p a w n 
inocu la t ed from w h e a t g r a in 
s p a w n . Source of n i t r o g e n : 
1 0 % soya meal 0 5 33 44 99 
S o u r c e of ni t rogen: 10%, soya 
m e a l 0 62 62 91 126 
18 .XII .72 . 104° 2 23 54 74 74 110 
31.V.73. 104° 3 19 34 51 51 90 
13.VH.73. 111° 4 Source of n i t rogen: 5 % soya 
m e a l + 10% m a l t g e r m 0 0 18 74 112 
21.VII.73. 111° 2 63 63 95 95 126 
31.1.74. 111° 4 35 40 51 75 105 
14.VI.74. 108° 2 45 45 54 54 96 
25.X.74. 115° 2 19 24 24 56 94 
25.XI .74. 115° 3 43 60 63 63 89 
13.III .75. 115° 2 0 99 99 99 156 
14/4 
10.VII.74. 115° 2 W i t h 2%, Futor 0 50 58 58 117 
27.VII .74. 111° 2 W i t h 2 % Futor 0 0 49 84 94 
6 .XI I .74 . 115° 2 W i t h 15 volume % pe r l i t e 0 0 0 41 123 
14/74 
8 .VIII .74. I l l 0 1 W i t h 1 % calcium c a r b o n a t e 79 79 79 79 110 
12.X.74. 115° 2 W i t h 2 % Futor 56 73 80 105 117 
25.X.74. 115° 2 W i t h 2 % Futor 40 54 54 71 105 
24.11.75. 115° 2 56 70 85 91 111 
7 . I I I .75 . 115° 2 W i t h perl i te 
S t r i n g spawn 
68 68 108 108 136 
19.I I I .75. 115° 2 Acid ic pea t added 
S t r i n g spawn 
80 80 102 113 151 
8.IV.75. 115° 2 W i t h less mineral sa l t 
Ac id ic pea t added 
S t r i n g spawn 
59 79 79 105 116 
A.m. 16 
3.V.74. 111° 2 W i t h 3 % calcium c a r b o n a t e 
23.V.74. I l l 0 3 W i t h 3 % calcium c a r b o n a t e 
A.m. 20 
9.V.73. 104° 4 Source of ni trogen: 5 % soya 
m e a l + 10% ma l t g e r m 
13 38 38 38 85 
18 40 40 73 84 
48 48 70 70 95 
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A m o u n t of yield 
T h e a m o u n t of y ie ld var ies w i t h t h e composi t ion of t he c u l t u r e m e d i u m , t h e condi t ions 
o u t l i n e d above and t h e s p a w n i n g m e t h o d . T a b l e 19 gives i n f o r m a t i o n a b o u t t he m a x i m u m yields 
(ove r 1 2 5 % ) o b t a i n e d in t he course of t h e expe r imen t s . 
T h e length of t h e p r o d u c t i o n p e r i o d is a p p r o x i m a t e l y 60 d a y s . 
T h e yield r e su l t s of t h e e x a m i n e d s t r a ins show ce r t a in d i f f e r ences (Table 20). 
Table 19 
Yield maxima 
Source of nitrogen: 5 % soya meal -j- 10% lucerne meal. Any difference indicated 
N u m b e r of 
D a t e of inoculation „ p l i c a t i o n s 
Oil s t raw as bas ic mate r ia l , w i t h acidic pea t . Spawn mixed w i t h cul ture m e d i u m . 
Inocu lum: " a c t i v e " cob-grist or s t raw s p a w n 
7. IY.75. 1 61 191 
24.V.75. 1 75 168 
17.IV.75. 1 60 161 
21 .VII .75 . 2 83 149 
15.V.75. 1 82 146 
10.VII .75. 2 72 145 
13 . IX.75 . 1 77 141 
30.V.75. 1 70 138 
5 .VI I I .75 . 2 90 138 
20.VI.75. 2 64 129 
8.V.75. 2 67 128 
D a t a on the composit ion 
of t h e cul ture med ium 
N u m b e r of 
days f r o m 
inoculat ion 
Yield 
% 
O n cob-grist as bas ic ma te r i a l . I n o c u l a t i o n in the centre of the su r face . I n o c u l u m : w h e a t grain 
spawn inocula ted f r o m a m a l t agar cul ture . A n y d i f fe rence indica ted 
Inocu la : " a c t i v e " cob-grist spawn. Cu l tu r e 
m e d i u m previously cooked 
W i t h ac id ic pea t added . S t r ing s p a w n 
W i t h pe r l i t e added . Str ing spawn 
Source of n i t rogen : 5 % soya meal + 1 0 % 
dried m a l t germ 
85 157 
83 151 
85 136 
84 136 
90 126 
90 126 
Table 20 
Yield results of some strains. Basic material: 
cob-grist or straw. Source of nitrogen: soya 
meal or soya meal + lucerne meal. Steriliza-
tion at 104 120°C. Mycelium growth + 
fruiting body formation : maximum 90 days 
St ra ins 
N u m b e r 
of replications 
Pe rcen tage 
yield averages 
14/3 63 101 
14/74 15 128 
Sp. 20 8 91 
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Effec t of mixing s p a w n w i t h the cu l tu re m e d i u m on the yield 
If the cul ture m e d i u m is e v e n l y m i x e d with t he s p a w n not on ly will the p roduc t i on 
p e r i o d be shorter , b u t t h e yield will also b e s t r ikingly h ighe r t h a n when o t h e r m e t h o d s of inocu-
l a t i o n are used (Table 21; control : T a b l e 22). This resul t w a s largely due to t he fac t t h a t t he 
Table 21 
Yield after mixing spaun with culture medium* 
(Related to the dry matter weight of the culture medium without peat) 
D a t e of inoculation Spawn 
Storage of 
inoculat ion material 
at 24°C 
N u m b e r of days 
S t r a in 
Mycelium g r o w t h -f-
f ru i t i ng b o d y 
fo rma t ion 
Tota l n u m b e r of d a y s 
Yield, 
% 
8.V.75. 
— 
53 
81 
115 
150 
15.V.75. S t r a w spawn 
— 
53 
82 
110 
146 
24.V.75. 7 51 
75 
88 
128 
168 
190 
30.V.75. 14 70 
82 
138 
155 
20.VI .75 . 
10 .VII .75 . 
5 
25 
14/3 
64 
82 
60 
82 
129 
155 
138 
183 
21 .VII .75 . Cob-gr is t spawn 35 67 
83 
130 
149 
5 .VI I I . 75 . 5 68 
90 
117 
138 
13 . IX .75 . 45 60 
77 
119 
141 
7 . IV.75 . 14 29 
61 
100 
191 
17.IV.75. 24 14/74 51 
71 
161 
181 
7.11.76. 
Average 
52 
85 
117 
148 
S t r a w spawn 14/3 80 150 
Cob-gr is t spawn 65 
80 
125 
150 
14/74 60 
85 
136 
173 
* Culture m e d i u m : 25 .2% c h o p p e d w h e a t s t r aw, 2 5 . 2 % w h e a t s t r a w mea l , 5 % lucerne 
m e a l , 2 . 5 % soya m e a l . 1 .4% d i p o t a s s i u m h y d r o p h o s p h a t e , 0 . 5 % mine ra l sa l t m i x t u r e . 3 0 % 
ac id i c p e a t , 7 — 10% inocu la , 375% h o t w a t e r . W a t e r a b s o r p t i o n for half a n hour . Ster i l iza-
t i o n a t 120°C. W i t h a single or no r e p l i c a t i o n 
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s p a w n w a s sui tably m o i s t a n d act ive, so t h a t the myce l ium m a i n t a i n e d i ts g r o w t h vigour a n d 
m e t a b o l i c capaci ty a n d c o n t i n u e d its d e v e l o p m e n t af ter i n o c u l a t i o n v i r tua l ly w i t h o u t a b r e a k . 
F ive d a y s la ter the p e n e t r a t i o n was o f t e n a lmos t comple te . 
T h e spawn was m i x e d wi th the c u l t u r e medium w i t h o u t t h e use of gas b u r n e r s or bac-
te r ic ide l a m p s in an a t m o s p h e r e made poor in germs by m e a n s of J u n k e r t u b e s . O n l y one of t he 
64 c u l t u r e s became s l i gh t ly infec ted , b u t t h e mycel ium of t h e c h a m p i g n o n soon overgrew a n d 
supp re s sed the mould s p o t s . E v e n in t h i s case the infect ion o r i g i n a t e d f r o m t h e spawn . 
Yield waves 
I t was found t h a t in m o s t cul tures t h e f ru i t ing bodies w e r e p roduced in t w o waves wi th in 
90 d a y s of t he i nocu l a t i on . I n the 50 c u l t u r e s of the 1974 e x p e r i m e n t s (basic ma te r i a l : cob-
gris t ) t h e s i tua t ion w a s t h e fol lowing: 
in 6 % there w a s o n e wave of y ie ld , 
in 7 0 % two w a v e s , a n d 
in 2 4 % three w a v e s of yield. 
I n t he case of s t r a i n 14/3 the second wave fol lowed 8 — 28 days a f t e r t h e f i rs t one , 
n a m e l y : 
in 6 % 8—10 d a y s la te r 
in 2 7 % 11 — 15 d a y s la te r 
in 3 3 % 16- 20 d a y s l a t e r 
in 2 1 % 21—25 d a y s la te r 
in 1 2 % 26 - 28 d a y s l a t e r 
T h e th i rd wave f o l l o w e d abou t 15 d a y s a f t e r the second . 
Character is t ics of the f ru i t ing bod ies 
Cap: 17—25 cm in d i a m e t e r ; initially hemispher i ca l then f l a t t e n i n g ; whi t i sh , f i na l l y whi t ish-
o c h r e : scaly, t o w a r d s t h e centre of t h e pileus the scales b e c o m e la rger : c r ack ing m a y be 
a reo la te in the c e n t r e a n d radial e l sewhere . (The scales a n d cracks are caused pr imar i ly 
b y t h e drying e f f e c t of sunshine a n d air currents . ) W h e n touched it b e c o m e s more o r 
less yellow. 
Lamellae : w id th up to 12 m m ; f rom an in i t ia l pale colour t h e y f i na l l y t u rn b l ack i sh -b rown ; t h e 
edges are sterile. 
Stipe: 8 — 9 cm long, 3.5 — 4.5 cm th ick; m o r e or less c l a v a t e ; be low the r ing f loccose - squamu-
lose; white . 
Ring: h a n g i n g ; on the l ower side d e n t a t e . 
Flesh: w h i t e : in the s t i pe i t m a y slowly b e c o m e f lesh-coloured or rus ty - f lesh-co loured . 
Spores: ovo id , 8 - 9 . 5 x 5 - 6 /<m. 
Marginal cells: most ly c l a v a t e , 11 2 2 x 3 . 5 13 ftm. 
U n d e r cult ivation 
(only the differing features) 
Cap: d i a m e t e r up to 12 c m ; f loccose-squamulose ; white , w h e n young it m a y be yellowish. 
Lamellae : f r o m a pale c o l o u r t h e y o f t en b e c o m e rose-coloured 
Stipe: u p to 22 cm long; s q u a m o s e - s q u a m u l o s e only a t the b a s e . 
Acta Agronomien Academiae Scientiarum Hungaricae 27, 1978 
3 0 2 V A R I A 
Flesh: does not usually change colour; Schäf fe r reaction posit ive or negative. D r y m a t t e r weight 
abou t 12%. 
Smell: f a i n t , anise-like. 
The size of the f ru i t ing bodies varies according to the growing condi t ions (Figs 2, 3). 
If the fac tors involved in f ru i t ing body f o r m a t i o n are present , a large number of l ight weight 
f ru i t ing bodies are produced s imul taneously . If the condit ions are not f avourab le for fruit ing 
body fo rma t ion (e.g. the vent i la t ion is insuff ic ient ) one of t he pr imordia will f ina l ly begin to 
grow, h u t wi th diff icul ty . This f ru i t ing b o d y will, however, be large. In the course of the experi-
men t s the weights of the f ru i t ing bodies r anged f rom 10 to 100 g. 
The tas te of the mushroom 
A b o u t th i r ty people have prepared var ious dishes f r o m a sufficient q u a n t i t y of mush-
rooms, and it has been establ ished t h a t Agaricus macrosporoides is one of the t a s t i e s t mushrooms. 
According to the au thor and others, it can compare with the Boletus species. I t t akes only a 
few minu tes ' cooking to sof ten. 
Basic mater ia l s for cultivation 
Of the agricul tural refuse, corn-cobs, whea t s traw, rye s t r aw and rice husk were examined. 
The resul ts of some of the exper iments are conta ined in Table 22. 
Cob-grist ground to a size of till 5 m m is highly sui table as basic ma te r i a l . The yield is 
100—120% on average, depending on t he addi t ives used. As ment ioned before , t he intensive 
deve lopment of pr imordia on special cob-gris t cul ture media makes it necessary t o decrease the 
t e m p e r a t u r e in order to p reven t the a p p e a r a n c e of overgrown, unviable p r i m o r d i a . 
W h e n s t raw was used as basic ma t e r i a l this la t ter phenomenon was less i m p o r t a n t since 
the deve lopment of pr imordia was less v igorous . Both wi th whea t and rye s t r a w t h e yield was 
lower. I f , however , s t raw or cob-grist spawn is evenly mixed wi th the culture m e d i u m an even 
larger yield m a y be ob ta ined than with coh-grist as basic mate r ia l . Here, t he virulence of the 
spawn is also of impor tance . This ques t ion will be discussed more fully later. 
Rice husks are less sui table as basic mate r ia l giving lower yields even w h e n mixed with 
corn-cobs. On the other h a n d , they m a y be useful when the basic material has a delaying effect 
on the mycel ium growth, because the delay can be compensa ted by the acce le ra t ing effect of 
the rice husks. 
The a m o u n t of organic nitrogen source and the yield 
I t was found t h a t e i ther 10% soya-meal , 5 % soya-meal -j- 10% lucerne-meal , 5 % soya-
meal -j~ 1 0 % dried malt germ or 15% m a l t germ were equa l ly suitable, b u t w i t h a smaller 
a m o u n t of ni t rogen source the yield was lower (Table 23). 
A m m o n i u m salts as n i t rogen sources and the yield 
I t is no tewor thy t h a t a m m o n i u m sal t s may be used as the only source of nitrogen and 
ensure a medium a m o u n t of yield: if, however , the spawn is mixed with the cu l tu re medium 
(see page 306) a good yield is obta ined (Table 24). If the a m m o n i u m salt is a d d e d with a small 
q u a n t i t y ( 5 % ) of organic ni t rogen, it seems t h a t both ni t rogen sources will be used since the 
yield will be higher t h a n when 5 % organic nitrogen is appl ied by itself. T h e yield does not 
change when the amoun t of organic n i t rogen is increased (Table 24). 
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Table 22 
Yield according to the basic material of the culture medium. Strain: A.m. 14/3 
Steriliz- Number P r o d u c -
Composit ion of 
cu l tu re medium 
at ion 
t e m p e r -
a t u r e 
Da t e of 
inoculat ion Method of inocula t ion 
of re-
plica-
tions 
t ion 
per iod 
in d a y s 
Yield, 
% 
Basic ma te r i a l : cob-grist 
120 g cob-gris t 
12 g soya meal 105° 14.XI.70. 
0.6 g mine ra l salt 
350 ml w a t e r 
120 g cob-grist 
12 g soya meal 12 .XII .72 . 
1.2 g minera l salt 
375 ml w a t e r 
120 g cob-grist 104° 
6 g soya meal 
12 g lucerne meal 18 .XII .72 . 
1.2 g minera l salt 
375 ml w a t e r 
100 g cob-gris t 
5 g soya meal 
10 g m a l t germ 21.VII .73. 
1 g mine ra l salt 
390 ml w a t e r 
120 g cob-gris t 
6 g soya meal 
12 g lucerne meal 111° 11.X.73. 
1.2 g mine ra l salt 
375 ml w a t e r 
100 g cob-grist 
5 g soya meal 23.1.74. 
10 g lucerne meal 
1 g mine ra l salt 25.1.74. 
400 ml w a t e r 
100 g cob-gr is t 
5 g soya meal 
10 g lucerne meal 31.1.74. 
1 g minera l salt 
2 g F u t o r 
400 ml w a t e r 
110 g cob-gr is t 
5.5 g soya meal 
11 g m a l t germ 108° 14.VI.74. 
1.1 g mine ra l sal t 
2.2 g F u t o r 
440 ml w a t e r 
100 g cob-gr is t 
5 g soya meal 
10 g lucerne meal 115° 13 . I I I . 75 
1 g minera l sal t 
400 m l w a t e r 
W h e a t grain s p a w n 
a t the cen t r e of 
t he surface 
90 126 
Cob-grist s p a w n 
a t the cen t re of 
the surface 
105 
90 
80 
90 
90 
90 
70 
85 
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( T a b l e 22 cont inued) 
Composi 
culture i 
Steril iz- N u m b e r Produc-
sition of a t i on Date of 
M e t h o d of inoculation 
of re- tion 
m e d i u m t e m p e r - inoculation plica- period 
a t u r e t ions in days 
40 g 
20 g 
2 g 
4 g 
0 .4 g 
340 ml water 
wheat s t r a w 
cob-grist 
soya meal 
lucerne mea l 
mineral sa l t 
Yield , 
о/ /о 
Basic m a t e r i a l : wheat s t r a w + cob-grist 
120° 21.XI.74. 
W h e a t grain spawn 
a t the centre of 
t he surface 105 106 
40 g rye s t raw 
20 g cob-grist 
2 g soya meal 
4 g lucerne m e a l 
0.4 g mineral sa l t 
340 ml water 
Basic m a t e r i a l : rye s t raw + cob-grist 
1 2 0 ° 22.1.75. 
W h e a t grain 
spawn at the 
cent re of the 
surface 
90 85 
B a s i c material: rye s t r a w 
80 g rye s t raw 
4 g soya meal 14.11.74. 2 95 103 
8 g lucerne meal 
0.8 g mineral sa l t 
320 ml water 
40 g rye s t raw W h e a t grain 
2 g soya mea l spawn at the 
4 g lucerne mea l 120° 18.XII.74. cent re of the 2 90 95 
0.4 g mineral sa l t surface 
340 ml acidified w a t e r 
50 g rye s t raw 
2.5 g soya mea l 
5 g lucerne m e a l 21.11.75. * * 1 90 100 
0.5 g mineral sa l t 
420 ml acidified w a t e r 
Bas ic material: whea t s t raw 
40 g wheat s t r a w W h e a t grain 
2 g soya mea l spawn at the 
4 g lucerne mea l 21.XI.74. centre of the 2 100 102 
0.4 g mineral sal t surface 
340 ml acidified wa te r 
20 g wheat s t r a w 
20 g straw mea l 8.V.75. S t r a w spawn 3 65 125 
2 g soya meal 15.V.75. mixed with the 
4 g lucerne meal cul ture medium 
0.4 g mineral sa l t 
1 g K . B P O , 
12 g dry acidic peat*** 
150 ml water 120° 24.V.75. 1 50 128 
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(Table 22 cont inued) 
Composi t ion of 
cu l tu re medium 
Steriliz-
at ion 
t e m p e r -
a t u r e 
D a t e of 
inoculat ion Method of inocu la t ion 
Number 
of re-
plica-
tions 
P roduc -
t ion 
per iod 
in d a y s 
Yie ld , 
% 
30.V.75. 
20.VI.75. Cob-grist spawn 
11.VII.75. mixed wi th the 9 70 129 
5.VIII .75. culture med ium 
13.IX.75. 
28 g wheat straw 
12 g s t raw meal 
2 g soya meal 
4 g lucerne meal 21.VH.75. 2 70 130 
0.4 g mineral salt 
1 g K o H P O , 
12 or - dry acidic peat*** 
150 ml water 
Basic material: rice husks + cob-grist 
50 g cob-grist 
50 g rice husks 
5 g soya meal 113° 24.X.73. 4 90 
10 g ma l t germ 
1 g mineral salt Wheat grain 
390 ml wa te r spawn a t t he 
48 g cob-grist centre of t he 
surface 32 g rice husks 
2.4 g ( N H ,)2SOj 111° 19.11.74. 2 90 
4.8 g CaCO-j 
0.8 g mineral salt 
290 ml water 
* Time of mycelium g rowth included 
** S t ra in : A.m. 14/4 
*** The dry m a t t e r weight of the cu l tu re medium is r eckoned without the weight 
of the peat 
If the protein content of the subs t ra te is examined a f te r ha rves t ing it is found to be 
higher t h a n usual . Thus, it seems t h a t the myce l ium incorporates t he a m m o n i u m nitrogen into 
the protein (Table 25). A s u b s t r a t e like this wi th a higher protein con t en t is more sui table for 
feeding to animals . 
On the other hand, the a m m o n i u m salts have the d i sadvan tage , in the case of surface 
inoculat ion, t h a t the f ru i t ing bodies appear l a te r , resulting in a longer production period. 
Utilization of nitrates 
In syn the t ic nu t r ien t solut ions this Agaricus species, like o the r s , is unable to utilize 
ni trates (Table 26). 
Di f fe ren t results were o b t a i n e d when n i t r a t e uti l ization was e x a m i n e d in a na tu ra l basic 
material . For this purpose suf f ic ien t ammonium n i t r a t e was added to t he usual culture m e d i u m , 
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Table 23 
Organic nitrogen sources and the yield 
Basic material: cob-grist. Inoculum: wheat grain spawn inoculated 
with strain 14/3. Date of observation: 90 days after inoculation 
N u m b e r of Yie ld , 
D a t e of inoculation rep l ica t ions Ni t rogen sources % 
14 .XI .70 . 6 10% soya m e a l 113 
11.X.73. 2 15% dr ied m a l t germ 107 
13.VII .73. 4 5 % soya mea l + 112 
21.VII .73 . 4 10% dried m a l t germ 112 
14.VI.74. 2 96 
18 .XI I .72 . 2 110 
11 .X.73. 3 5 % soya m e a l -j- 126 
17.1.74. 2 10% lucerne meal 102 
31.1.74. 4 106 
10.VII .74. 2 117 
18 .XI I .72 . 2 5 % soya meal + 71 
5 % lucerne meal 
Table 24 
Ammonium salts and percentage yield 
Dote of 
inoculation 
N u m b e r 
of 
repl ica-
t ions 
Nitrogen sources a n d 
their q u a n t i t y p e r po t 
19.11.74. 3 3 g a m m o n i u m 
s u l p h a t e 
19. I I I .74 . l 5 g a m m o n i u m 
s u l p h a t e 
17.VII.70. 2 1.5 g a m m o n i u m 
n i t r a t e 
5 g soya m e a l 
2 .XI .73 . 1 1.5 g a m m o n i u m 
n i t r a t e 
7 . I I I .74 . 3 15 g o rgan i c ni-
29 . I I I .74 . 3 t r o g e n 
source 
20.1.76. 2 1.2 g a m m o n i u m 
20.1.76. 2 s u l p h a t e 
29 . I I I .76 . 2 
29 . I I I .77 . 4 
9.IV.77. 4 
27.V.77. 2 
2.VI.77. 2 
A m o u n t a n d composition 
of cu l t u r e med ium per p o t 
N u m b e r 
of days 
f r o m 
inocula-
t ion 
Yield, 
о/ /о 
100 
1 
cob-gr is t 
mine ra l salt m i x t u r e 
3 g pulver ized C a C 0 3  
400 ml h o t wa te r 
20 
20 
g g 
2.4 g 
0.4 g 
1 g 
chopped whea t s t r a w 
w h e a t s t raw meal 
C a C 0 3 powder 
mine ra l salt m i x t u r e 
d ipo tass ium h y d r o -
p h o s p h a t e 
24 g acidic pea t 
300 m l h o t wa te r 
8 g ac t ive inoculum ( m i x e d 
w i t h the cu l tu re m e -
d ium) 
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Table 25 
Protein content of substrate after harvesting* 
D a t e of 
inoculat ion 
N u m b e r 
of 
repl ica-
t ions 
N i t rogen sources a n d 
the i r q u a n t i t y per po t 
N u m b e r 
of days 
f rom 
inocula-
t ion 
Yield, 
% 
Protein 
A m m o n i u m 
n i t r o g e n 
in the s u b s t r a t e 
af ter h a r v e s t i n g 
0/ /о 
7 . I I I . 74 . 3 1.5 g a m m o n i u m n i t r a t e 90 92 8.3 
29 . I I I .74 . 3 15 g o rgan ic ni t rogen 90 93 9 . 9 - 1 1 . 6 0 .06—0.026 
source (10 g luce rne 
m e a l + 5 g soya m e a l ) 
* T h e chemica l ana lyses were p e r f o r m e d b y t h e Na t iona l A g r i c u l t u r a l Q u a l i t y T e s t i n g 
I n s t i t u t e 
Table 26 
Nitrate utilization 
Treschow culture solution modified with 0.2°/o agar-agar; 
50 ml solution in each 100 ml flask. 
Incubation for 20 days at 23.5 — 25°C. Number of replications: 4 
Dry m a t t e r weight 
N i t r a t e s of t h e myce l ium, 
mg 
Sod ium n i t r a t e 0 
P o t a s s i u m n i t r a t e 0.021 4 
A m m o n i u m n i t r a t e 57 
con ta in ing cob-gr is t as basic m a t e r i a l and 1 5 % o r g a n i c n i t rogen, t o g i v e a n i t ra te n i t r o g e n con-
t e n t of 0.96 g pe r 100 g d ry m a t t e r . A f t e r 100 d a y s of myce l ium g r o w t h t he q u a n t i t y of n i t r a t e 
n i t rogen fell to 0.26 g, a p p r o x i m a t e l y o n e - q u a r t e r of t he init ial a m o u n t . * 
Characteristic features of pure cultures 
I t is a cha rac t e r i s t i c f e a t u r e of the m y c e l i u m of Agaricus macrosporoides t h a t t h e s t r a n d s 
a p p e a r soon a f t e r inocu la t ion , a f t e r which the f r u i t i n g body p r i m o r d i a develop on t h e m s ingly 
or in g roups . T h e s e also a p p e a r on var ious c u l t u r e m e d i a and in t e s t t u b e s also; in a d d i t i o n 
to t he cu l tu re s u b s t r a t e s m a l t e x t r a c t agar , T r e s c h o w ' s syn the t i c c u l t u r e med ium, w h e a t a n d 
oa t cu l tu re m e d i a a n d wisps of h a y were e x a m i n e d . 
I n t e s t t u b e s t he p r i m o r d i a r e m a i n alive f o r m o n t h s . They d e v e l o p ju s t as well in m o n o -
spore a n d m u l t i s p o r e cu l tures . I n some of the 20 m o n o s p o r e cu l tu res e x a m i n e d fewer p r i m o r d i a 
a p p e a r e d , a n d in o the r s more . N e w pr imord ia m a y a p p e a r la ter , w h e n the cul ture is s eve ra l 
m o n t h s o ld ; on m a l t e x t r a c t a g a r k e p t a t r o o m t e m p e r a t u r e t h e y w e r e produced e v e n a f t e r 
7—9 m o n t h s . W h e n these f r e s h p r i m o r d i a deve lop ing in old cu l tu re s were used for i n o c u l a t i o n 
no d e t e r i o r a t i o n w a s observed in t h e new cu l tu res . I n the course of m u s h r o o m p r o d u c t i o n ini-
* The a n a l y s i s was p e r f o r m e d b y the N a t i o n a l Agr icu l tu ra l Q u i l i t y Tes t ing I n s t i t a 
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t i a t e d with fresh p r imord ia obtained f r o m an 8-month-old culture, the yield amounted to 91%, 
of t he dry weight of t h e basic mater ia l , compared to a 9 0 % yield in the cont ro l series. 
By utilizing pr imord ia the cu l t iva t ion material c a n be renewed. F o r t u n a t e l y , the inves-
t iga t ions made so f a r indicate that in inultispore cu l tu res repeated myce l ium inoculation does 
n o t result in the de ter iora t ion of t he cultures. For e x a m p l e , in strain 14/3 inoculation once a 
m o n t h did not genera l ly cause any change up to the e n d of the f if th year . T h e monospore cul-
t u r e s are less s t ab le ; a f t e r a year 1 0 % of them lost t he i r capacity to p roduce primordia. T h e 
myce l ium then deve loped a cot ton-wool texture and , na tu r a l l y , could n o t be brought to pro-
d u c e fruiting bodies. 
The culture m e d i u m is 3% m a l t ex t rac t agar. T h e cul tures are s tored ei ther at room t e m -
pe ra tu re with inocu la t ion once a m o n t h , or in a r e f r ige ra to r . Cultures s to red for 340 days in 
a refr igerator w i t h o u t repeated inocula t ion produced t h e usual yield ( 1 1 2 % ; number of repli-
ca t ions : 4). The s t r a i n s which are c u r r e n t l y available a re shown in Table 27. 
P u r e culture m a t e r i a l 
Table 27 
Strains available at present 
N a m e Or ig in 
A.m. 14/3 
A.m. 14/4 
A.m. 14/74 
12. 5. 54. Fruiting b o d y collected at Hor tobágy 
12. V I . 74. Fruiting b o d y grown in l abo ra to ry 
24. V I . 74. Fruiting b o d y collected at Hor tobágy 
Sp. 1 
Sp. 2 
Sp. 3 
Sp. 4 
Sp. 5 
Sp. 6 
Sp. 9 
Sp. 10 
Sp. 11 
Sp. 12 
Sp. 13 
Sp. 14 
Sp. 15 
Sp. 16 
Sp. 17 
Sp. 18 
Sp. 19 
Sp. 21 
Sp. 22 
A.m. 20 
.  5. IV. 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
2. V I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Monospore cul ture 
16. X I . 71. Multispore cul ture 
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Spawn 
The wisp and grain spawn used in two-spore champignon cu l t iva t ion can be u s e d as 
inocula. W h e a t , cob-grist and o a t spawn also p r o v e d suitable, while mil let and s o r g h u m were 
not good enough , and barley spawn could not be u s e d a t all. 
Modera te ly thick hemp s t r ing , previously soaked , then enr iched with malt e x t r a c t and 
cut into small pieces, was also f o u n d to be a good spawn material. 
To p r e v e n t deteriorat ion, or more precisely, a decrease in yie ld , i t is advisable t o use a 
mal t ex t r ac t agar culture for each third inocula t ion . 
According to examina t ions concerning s t o r a b i l i t y , wheat grain spawn kept a t r o o m tem-
perature p roved to be good even a f t e r 70 days. S o m e examples are s h o w n in Table 28. 
Storage in a refrigerator for a longer or s h o r t e r t ime though obviously d e p e n d e n t oil 
the strain does not influence t he yield (Table 29). 
Table 28 
Storability of uheat grain spawn 
"Strain No. 14/3 
D a t e of inoculat ion 
Storage at 
room 
tempera ture , 
days 
Yie ld in the 
90 d a y s af ter 
inoculat ion, 
% 
N u m b e r of 
r ep l i ca t ions 
17.1.74. 65 102 l 
15 95 l 
23.1.74. 72 120 l 
5 91 l 
25.1.74. 74 128 l 
7 94 l 
Table 29 
Yield produced with wheat grain stored in refrigerator at 2 — 5°C 
D a t e of 
inocula t ion 
S t r a i n s 
S to rage i n 
r e f r i g e r a t o r , 
d a y s 
Yield in t h e 
90 days a f t e r 
inoculation, 
% 
N u m b e r of 
replications 
15. I I . 75. 14/3 30 114 l 
27. V I I . 74. 14/4 15 94 2 
31. X . 74. 110 100 2 
23. V. 74. A . m . 20 60 89 1 
Prepara t ion of inocula t ion materials 
Whea t grain spawn (af ter Lemke , modified). T h e grain is cooked in water acidified w i t h 
sulphuric acid (0.55 ml concent ra ted sulphuric acid pe r 1 litre of w a t e r ) over a low f l a m e for 
15 minutes , kep t warm for a f u r t h e r 15 minutes, passed through a sieve or filter (with smal l 
quant i t ies the f lu id is merely poured off ) , then sterilized a t 111 — 115°C. If shaken up when w a r m 
it will be looser. 
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Wisp spawn 
Wisps of onion-couch-grass o r o ther hay is cooked for half an h o u r in water (o the rwise 
mycelium growth will be slow), d r i e d , soaked in a 3 % solut ion of malt e x t r a c t (the pots s h o u l d 
also contain a l i t t l e of the solut ion, because the wisp absorbs some of i t dur ing s ter i l izat ion) , 
and sterilized a t 120°C. 
String spawn 
Moderately th ick hemp s t r ing is soaked in w a t e r for 2 days, d r ied , then soaked aga in in 
a 2 % solution of m a l t extract (a l i t t l e of the solution should be put i n to t he pots because t h e 
s t r ing absorbs i t du r ing steri l ization), and finally s ter i l ized at about 115°C. 
Cob-grist s p a w n 
1000 g c u l t u r e medium (710 g cob-grist, 170 g d r y acidic pea t , 71 g lucerne meal , 35 g 
soya meal, 7 g mine ra l salt m i x t u r e , 7 g potassium d ihydrophospha te ) is mixed with 2830 ml 
h o t water. Half an hour later it is p o u r e d in a 8—9 c m th ick layer in to p o t s furnished w i t h co t -
ton air-filters, s teri l ized for one t o one and a half h o u r s at about 115°C. Cob-grist s p a w n is 
smeared or whea t gra in spawn p o u r e d over the su r face unde r almost germ-f ree conditions. My-
celium growth shou ld take place a t a tempera ture of a b o u t 25°C, and s to rage at the same t e m -
perature . 
Order of inoculat ion m a t e r i a l s : malt agar c u l t u r e — wheat g ra in spawn — cob-gr i s t 
spawn — cob-gr is t spawn ( inocula t ion by covering t h e surface). 
Expe r imen t s with ac t ive inoculators 
Cultures w h e r e mycelium g r o w t h is complete a n d frui t ing bodies a re about to be f o r m e d 
are considered to be active. If f r u i t i n g body f o r m a t i o n is prevented b y storing the cu l tu res a t 
25°C they r ema in act ive for a longer t ime. Such s p a w n proved to be good even af ter 45 d a y s 
of storage and g a v e outs tanding r e su l t s (Table 21). Myce l ium growth beg ins almost i m m e d i a t e l y 
a f te r inoculat ion, a n d when the spaw n is mixed w i t h t h e culture m e d i u m , interlacing is o f t e n 
vir tually comple te wi thin five days . However, the grow t h of the myce l ium only proceeds a t t h i s 
pace when the cu l t u r e medium is sufficiently airy, e .g. if it contains s t r a w as basic m a t e r i a l . 
The ac t ive inocula may c o n t a i n cob-grist as bas i c material ( g round to a m a x i m u m size 
of 4 mm), or can be made of f ine ly chopped straw. T h e quant i ty of inocu la is about 5 % . I n t h e 
case of mechanica l mixing this a m o u n t can probably be reduced. Mechanica l mixing m a k e s t he 
even dis t r ibut ion of moist i nocu lum in the culture m e d i u m possible. 
Mycelium, f r u i t i n g body, and m o u l d s and other pa thogens 
When ster i le cultures of t h e s t ra ins used so f a r were opened, in an atmosphere of 90— 100 
% relative h u m i d i t y no moulds were found on t he l iv ing mycelium or f ru i t ing body, no r were 
they a t tacked b y pathogens. T h i s defensive ab i l i ty on the part of Agaricus macrosporoides 
facili tated the car ry ing out of t h e experiments. 
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Table 30 
Fruiting body formation in taxa more or less closely related to Agaricus macrosporoides using 
the culture medium and method also used for Agaricus macrosporoides 
Taxon 
Si te of origin 
Year of collection 
Y e a r of 
e x a m i n a t i o n Yield 
Are there mould 
infections on t h e 
opened cu l tu res? 
A. osecanus P i l á t , H o r t o b á g y , 1974 1974 0 no t examined 
A. fissuratus (Moell.) Moell., D e b r e c e n d is t r ic t , 
spr ing 1960 1970 0 yes 
A. fissuratus (Moell.) Moell.. Debrecen d i s t r i c t , 
a u t u m n 1960 1970 0 yes 
A. arvensis Schff . ex F r . va r . umbrelloideus 
Bohus , Békésszen tandrás , 1974 1974 0 n o t examined 
A. excellens (Moell.) Moell., Buda hills, 1969 1971 0 yes 
A. excellens (Moell.) Moell., Buda hills, 1970 1970 " f~ * yes 
A. macrosporoides Bohus , a s t ra in wh ich has 
lost i ts capac i ty to produce f r u i t i n g b o d y 
a n d s t r a n d s 1970 0 yes 
* I n 2 cu l tu re s 2 c o m p a c t f r u i t i n g bodies d e v e l o p e d (31 and 73 g, respec t ive ly) . T h e i r 
d e v e l o p m e n t was slow 
On t h e o t h e r h a n d , in s t r a ins w h i c h had lost t h e capac i ty of f r u i t i n g body f o r m a t i o n , 
m o u l d s se t t l ed on the s u b s t r a t e a f t e r t h e myce l ium h a d p e n e t r a t e d it ( T a b l e 30). Thus , de t e r io -
r a t i on also a f fec ted t he defens ive ab i l i t y . 
W h e n s t u d y i n g th i s ques t ion in t a x a more or less closely re la ted t o Agaricus macrospo-
roides th i s defens ive abi l i ty aga ins t m o u l d s was f o u n d to be missing in s e v e r a l cases (Table 30). 
I n t h e c u l t u r e s inc luded in th is s t u d y m y c e l i u m grow t h t h r o u g h the c u l t u r e m e d i u m was a lso 
s lower t h a n in the case of Agaricus macrosporoides. 
E x p e r i m e n t s wi th non-s te r i l e cu l tu re med ia made microbial ly selective 
Agaricus bisporus, which o f t e n a p p e a r s in n a t u r e on m a n u r e h e a p s , is k n o w n to l ive in 
p o p u l a t i o n s of t h e r m o p h i l o u s b a c t e r i a a n d a c t i n o m y c e t e s ; it is t h u s o b v i o u s t h a t a r t i f i c ia l ly 
h e a t - t r e a t e d cu l tu re med i a w i th the i r m o r e or less s imi la r microf lora c r e a t e condi t ions f a v o u r -
able fo r i t . A l t h o u g h t he h a b i t a t a n d l iv ing cond i t ions of Agaricus macrosporoides are e s sen-
t ia l ly d i f f e r e n t , so t h a t th is m e t h o d of cu l t i va t ion d id n o t promise m u c h success , neve r the le s s , 
cons ider ing t h e resul t s a t t a i n e d w i t h Pleurotus ostreatus, a f u n g u s s imi la r ly d i f f e r e n t in i ts w a y 
of l ife, 67 t y p e s of h e a t t r e a t e d c u l t u r e med i a were t e s t e d . The v a r i a t i o n s were achieved b y 
us ing c u l t u r e med i a of d i f fe ren t compos i t i ons , t r e a t m e n t s which in f luence t h e s t ruc tu re of t h e 
mic ro f lo ra , a n d f e r m e n t a t i o n a t t e m p e r a t u r e s r ang ing f r o m 45 to 70°C a n d f o r var ious l e n g t h s of 
t ime . If t h e cu l tu re med ia were also s ter i l ized , th i s w a s car r ied ou t before o r a f t e r f e r m e n t a t i o n . 
Most of t h e ideas came f r o m E d e Véssey , who also p r e p a r e d the s t r a w j u i c e s con ta in ing t h e 
t h e r m o p h i l o u s mic ro f lo ra . 
F r u i t i n g b o d y f o r m a t i o n w a s o b s e r v e d in 8 series. T w o of t h e m , in w h i c h a yield of 62 
and 7 0 % , respec t ive ly , was p r o d u c e d in 90 days , are p r e s e n t e d in Tab le 31. I n t he rest t he y ie ld 
was poor , on ly 11 — 4 7 % . Reco rds of t h e e x p e r i m e n t s a re avai lable for all t h e series. 
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Table 31 
Yield on heat-treated culture media 
Date of 
inoculation 
Composition of t he 
culture m e d i u m 
m 1 r e a t m e n t 
Tempera tu re and 
period of 
f e rmen ta t ion 
Temperature 
of steriliza-
tion, 
°C 
Yield, 
% 
29.1.74. 100 g cob-g r i s t Mixed w i t h 
10 g l u c e r n e meal 100 m l s t r aw 57° 120° 70 
5 g soya m e a l ju ice a f t e r 24 h o u r s 
1 g m i n e r a l sal t s te r i l iza t ion 
330 ml ac id i f i ed water 
15.III .74. 100 g cob -g r i s t Mixed w i t h 
10 g l u c e r n e meal 100 ml s t r a w 57° 111° 62 
5 g soya m e a l ju ice a f t e r 24 h o u r s 
1 g m i n e r a l sal t s te r i l i za t ion 
300 ml w a t e r 
A technological model for farm-scale mushroom cultivation 
A c u l t u r e med ium was s te r i l ized a t 113°C in vessels f u r n i s h e d w i t h a cover a n d a n air-
f i l ter . Ac t ive cob-gr is t s p a w n w a s spread over t h e surface u n d e r g e r m def ic ient c o n d i t i o n s . 
Mycelium g r o w t h t h r o u g h o u t t h e cu l tu re m e d i u m t o o k place in 20 d a y s a t a t e m p e r a t u r e of 
abou t 25°C a n d a relat ive h u m i d i t y of 9 0 % . F r u i t i n g bodies were p r o d u c e d at a t e m p e r a t u r e 
f l u c t u a t i n g b e t w e e n 16 and 19°C a n d a r e l a t ive h u m i d i t y of 9 5 — 1 0 0 % . The yie ld b e c a m e 
nea r equa l to t h e dry m a t t e r we igh t of t he c u l t u r e med ium 70 d a y s a f t e r inocu la t ion . T b ° 
composi t ion of t h e cul ture m e d i u m was: 8 6 % cob-gr i s t , 8 . 6 % l u c e r n e meal , 4 . 3 % soya meal , 
0 . 9 % mine ra l p r e m i x , 3 2 5 % h o t w a t e r . W a t e r a b s o r p t i o n took ha l f a n hour . 
The r e s u l t s of e x p e r i m e n t s m a d e us ing t h i s m e t h o d are s h o w n in Table 32. 
Table 32 
Laboratory experiment using method designed for farm-scale cultivation 
Date of 
inoculation 
N u m b e r of 
repl icat ions 
Storage of 
spawn at 25°C 
Number of days 
Mycelium g r o w t h -)-
fruiting b o d y 
product ion 
Total number of d a y s 
Yield, 
% 
9. IV. 75. i 14 77 114 
16. I . 76. 3 28 70 114 
21. I I . 76. i 6 77 105 
9. I I I . 76. i 23 90 134 
P r e p a r e d a t the B o t a n i c a l D e p a r t m e n t of t he H u n g a r i a n N a t u r a l H i s t o r y M u s e u m , 
Budapes t . 
G . BOHUS 
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B I O P O L Y M E R - M E T A L C O M P L E X S Y S T E M S 
V. P M R I N V E S T I G A T I O N O F HUMIC S U B S T A N C E S 
P r o t o n magnetic resonance (PMR) and nuclear quadrupole re laxat ion (NQR) measure-
men t s are very efficient me thods for the s t ruc tu r e elucidation of biopolymers, e.g. proteins, 
nucleic ac ids , polysaccharides, lignins, etc. (GLASSER et al. 1973, LUDWIG 1971, LUDWIG et al. 
1 9 6 4 , Y O N NIMZ 1974 . R O S E 1 9 7 4 , ROWE et al. 1 9 7 0 ) . 
T h e s tudy of PMR spectra of humic subs tances has not received much a t t en t ion so far, 
p robab ly due to the complexi ty and poor solubil i ty of these subs tances in organic solvents. 
The P M R spectra of m e t h y l a t e d fulvic acid f rac t ions of carbon te t rachlor ide and deu te ra ted 
chloroform solution were f i r s t examined by BARTON SCHNITZER (1963) and by SCHNITZER 
SKINNER (1968), who observed neither a r o m a t i c nor olefine p ro ton signals in the pa t t e rns . 
The presence of al iphatic and aromat ic p ro tons and lactone s t ruc tu re in the 60 M H z PMR 
spectra of a deutera ted d i m e t h y l sulphoxide-(d„) solution of bog pea t humic acids was suggested 
by J a p a n e s e authors (OKA et al. 1969). G e r m a n researchers (LÜDEMANN et al. 1973) compared 
PMR spec t ra of lignin, syn the t ized hydroch inone and brenzcatechin humic acids wi th those of 
peat , h u m u s podsol and b rown coal humic acids. 
N Q R measurements of 8 5 R b and 35C1 were performed by LINDQUIST I.INDMAN (1969) 
and LINDMAN — LINDQUIST (1969) in the presence of biopolymers , humic acids and proteins. 
Considerable broadening of the 8 5 Rb NMR line was observed in the spec t rum of an aqueous 
solution of rub id ium hydrox ide (5 mole) a n d r u b i d i u m chloride (0.5 mole), containing pea t pyro-
humic acid ex t rac ted w ith 0.1 M sodium p y r o p h o s p h a t e a t p H = 7. The ex ten t of broadening 
showed m a r k e d differences, depending on t he soil and humic acid f rac t ion s tudied. Fo r iron 
h u m u s podsol (A,
 2, Le rbäck , Sweden), where the number of rub id ium ion hound to humic 
acids is m u c h lower t han the to ta l number of rub id ium ions (0.5 mole RbCl concent ra t ion) , 
line w id th broadening was found to be a l inear funct ion of humic acid concent ra t ion . With in 
a cer ta in range , the extent of broadening is d i rect ly proportional to the pH- value and the addi-
tion of hyd rogen ions near ly el iminates line w id th broadening prior to the p rec ip i ta t ion of 
humic acids. The increase of line w i d t h can he explained bv the ionic bonding of h y d r a t e d rubi-
dium ions to polyelectrolyte anions or to the i r negat ively charged func t iona l groups (e.g. car-
boxyl groups) . Through in terac t ion between th is modified electric field gradient a t the site of 
8 5 R b and t h e electric quadrupole moment of the 8 5 R b nucleus, the w idth of the magne t i c reso-
nance signal increases with the increase of the re laxat ion rate. In exper imen t s carried ou t with 
13:
'Cs, no broadening could l»e detected on the addi t ion of humic acids. This suggests t h a t inter-
action be tween the magnet ic moment of 8 5 R b and the electron spins of the h u m a t e ion is not 
the main f ac to r inducing re laxa t ion , since 13;iCs has a much higher magne t ic moment t h a n 8 5 Rb 
b u t its e lectr ic nuclear quadrupo le moment is negligible in compar ison. Artificial h u m i c acids 
show a v e r y similar behaviour , a l though N M R invest igat ions revealed no broadening of the 
a5Cl on t he addi t ion of humic acids. This po in ts to the very i m p o r t a n t observat ion t h a t chloride 
ions are n o t a t t ached , or a t least not chemically bound, to h u m a t e anions, which is consis tent 
with the f a c t t h a t humic acids have pract ical ly no anion exchange capac i ty (see No. V I I of this 
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series) . I t should be n o t e d t h a t the e x p e r i m e n t s were ca r r ied ou t wi th low p ro te in content pyro-
h u m i c acids isolated f r o m sodium p y r o p h o s p h a t e . I n t h e presence of p ro te ins (e.g. a lbumin , 
l y sozyme , eeruloplasmine, ch i ino t ryps ine , alcohol dehydrogenase ) the N M R signals of 35C1, 
8 1 B r and "9Br a p p e a r e d . A compar ison of th is effect wi th t he N Q R observed for the correspond-
ing meta l proteins (e.g. zinc and a lcohol dehydrogenase) led to the conclusion t h a t metal-free 
p r o t e i n s are capable of binding ha logen ions (ZEPPEZAUER et al. 1969). No 35C1 ion is bound , 
howeve r , to the zinc of horse liver zinc-alcohol dehydrogenase (NOHNE et al. 1973). The bonding 
si te is represented b y an ion-pair b o n d t y p e brought a b o u t by the basic g roup of the amino 
ac ids of protein as in t h e case of the b o n d between the a n i o n and s t rongly basic anion-exchange 
res ins . Proteins, on t h e o ther h a n d , do no t bind 8 5 Rb-ions . 
PMR spect ra were taken on a V a r i a n model XL-100 type spec t romete r . The prepara t ion 
a n d purif ication of t h e fulvic acid a n d f e rmen ta t i on h y m a t o m e l a n i c acid samples were described 
in L'art I of this series (LAKATOS et al. 1974). The P M R spec t ra of fu lvic acid were taken in a 
so lven t mixture of deu te ra ted c h l o r o f o r m and d i m e t h y l sulphoxide-(d r>). Hyma tome lan i c 
ac ids were s tudied in solutions of d e u t e r a t e d sodium h y d r o x i d e and/or d i m e t h y l sulphoxide-
NH; 
Fig. 1. P M R spectrum of fu lv ic acid 
(d„). Some samples were subjected to hydrolysis a t 105°C for 7 hours in a sealed system, pr ior 
to P M R invest igat ions . As a ca l ib ra t ion s tandard , t e t r a i n e t h y l silane (TMS) was used (Ô 0 
p p m ) . 
In the 100 M H z P M R spec t ra of fulvic acid in a m i x t u r e of d e u t e r a t e d chloroform and 
d i m e t h y l sulphoxide (Fig. 1), in a d d i t i o n to the signal a t <5 = 4.2 p p m f u r t h e r lines could be 
obse rved in the r ange of methyl a n d methy lene groups of a l iphat ic hyd rogens a t /5 = : 0.9 p p m 
a n d ó = 1.4 p p m . T h e signal at ő = 4.2 p p m can be ass igned to hydrogen di rec t ly bound to t he 
c a r b o n adjacent to t h e oxygen a t o m . T h e triplet in t he r ange of <5 = 6.9 8.1 p p m , over lapping 
t h e aromatic region, is due to the n i t rogen a m m o n i u m ion derived f r o m the ammonia used in 
t h e preparat ion of fu lv i c acid. In a d d i t i o n , fu r the r resonance signals of l ight residues of deuter -
a t e d solvents and some unident i f ied impur i t ies ( imp.) can also be de tec ted . 
The resonance signal a t ô = 4.2 p p m in the P M R s p e c t r u m of fulvic acid probably points 
to some lactone s t r u c t u r e . In s u p p o r t of this a s sumpt ion is the obse rva t ion t h a t as a result of 
a lka l ine hydrolysis a t I05°C for 7 hours , the signal d i sappears (Fig. 2). J apanese au tho r s 
(OKA et al. 1969) also observed r e sonance signals a t ô = 4.2 p p m in the P M R spec t rum of a 
hyma tome lan ic acid f rac t ion dissolved in dimethyl sulphoxide-(d e) . This sample was ob ta ined 
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f r o m humic acid e x t r a c t e d b y a m i x t u r e of an a q u e o u s solution of s o d i u m h y d r o x i d e ( 1 % ) , 
s o d i u m ace t a t e ( 3 % ) and s o d i u m p y r o p h o s p h a t e ( 1 . 8 % ) f r o m bog p e a t and/or two d i f f e r e n t 
sources of red p e a t . P M R spec t r a of t h e me thy l e s t e r s of these p e a t h u m i c acids r evea led , h o w -
eve r , no r e sonance signal over t h e r ange <5 = 4 — 5 p p m , while t h e i n t e n s i t y of the s igna l a t 
Ó = 3.7 p p m w a s twice as h igh . T h e P M R s p e c t r a of a lactone t y p e compound , e .g. u s ing 
d i h y d r o i s o c o u m a r i n as the m o d e l c o m p o u n d (JOHNSTON et al. 1948), a f f o r d e d a broad m u l t i p l e t 
ppm 
НзО 
dioxan 
5 
i I I I I I 1 0 
Fig. 2. P M R s p e c t r u m of fu lv ic ac id 
f 
0 
II 
CH.ONa 
-0CH3 
in CH3OH 
CH2-CH2-0H 
H r Ну 
Fig. 3. F o r m a t i o n of the m e t h y l e s t e r of d i h y d r o i s o c o u m a r i n 
a t ô = 4— 5 p p m , which m a y be assigned to h y d r o g e n a toms ( Н
й
) b o u n d to the f i r s t c a r b o n 
a d j a c e n t to t he o x y g e n a t o m . T h e b road mul t ip le t in t h e range of <5 = 3 —2 ppm, on t h e o t h e r 
h a n d , m a y be ass igned to h y d r o g e n a toms (H^) b o u n d to the second c a r b o n . After p r e p a r a t i o n 
of the m e t h y l e s t e r s of this c o m p o u n d : (Fig. 3) no s igna l could be o b s e r v e d in the P M R s p e c t r u m 
in the ranges ó = 4—5 and ô = 3 — 2 ppm. A t 6 = 3.55 p p m a h i g h e r in tens i ty r e s o n a n c e 
signal f r o m m e t h y l ester p r o t o n s a n d a t <5 = 3.58 p p m a lower i n t e n s i t y signal f r o m m e t h y l e n e 
p ro tons could be de tec ted . 
The P M R spec t ra of s eve ra l lactone t y p e m o d e l c o m p o u n d s , e .g . kawalac tones (ACHEN-
BACH- REGEL 1973), s e s q u i t e r p e n e lactones (HERZ—INAYAMA 1964, HERZ et al. 1963, DE 
KOCK et al. 1 9 6 8 a , D E KOCK et al 1 9 6 8 b , ROMO DE VIVAR et al. 1966 , YOSHIOKA—MARRY 1971) 
a n d d i t e rpene ac id lactones (GALLUP et al. 1968), r e v e a l e d p ro ton s igna l s of hydrogen b o u n d to 
t he carbon a t o m a d j a c e n t to t h e l ac tone oxygen in t he range <5 - 3 .0—5.0 p p m , whi le in t h e 
case of the second carbon a t o m these signals cou ld be de tec ted in t h e range <5 = 3 — 2 p p m . 
P M R spec t ra of b lack pea t h u m i c acid in d e u t e r a t e d sodium h y d r o x i d e solution s h o w e d reso-
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T a b l e 1 
Proton chemical shift of lignin and humic 
(1) (2) 
Subs t ance S o l v e n t 
Lign in N a O D 
Brenzka tech in h u m i c acid N a O D 
H y d r o c h i n o n e h u m i c acid N a O D 
F u l v i c acid 
F e r m e n t a t i o n h y m a t o m e l a -
nic acid ( f rom lowland 
p e a t ) 
DMSO 
CDCl, 
DM SO 
N a O D 
B o g peat h y m a t o m e l a n i c 
acid 
B e d pea t h u m i c acid 
N a O D 
(105°C, 7 h ) 
DMSO 
DMSO 
B l a c k peat h u m i c acid N a O D 
Podso l humic ac id N a O D 
B r o w n coal h u m i c acid N a O D 
(3) (5) (О U ) (8) (9) 
A l d e h y d e A r o m a t i c protons 
Gua i acy l Syringyl 
1.2 
8.8 
1 .2 
2.0 
8.0 
2 .0 
8.0 
7.7 
2.3 
7 . 5 
2 . 5 
2.1 
7.9 
7 . 1 5 
2 . 8 5 
7 .1 
2 .9 
7 .1 
2 .9 
7 .1 
2 .9 
H e t e r o -
a r o m a t i c 
6.8 
3.2 
6.7 
3.3 
n a n c e a b s o r p t i o n a t Д = 4.2 p p m (LÜDEMANN et al. 1973). This o b s e r v a t i o n m a y also be con-
s i d e r e d due to l a c t o n e bonding . 
Lac tone b o n d i n g was f i rs t a s s u m e d b y JURCSIK (1966) on the bas i s of bis chemical inves -
t i g a t i o n s on h y m a t o m e l a n i c acids i s o l a t e d f rom b r o w n coal humic ac ids . T h e P M R s p e c t r a of 
f e r m e n t a t i o n h y m a t o m e l a n i c acid (LAKATOS et al. 1974) , on the o ther h a n d , revealed no reso-
n a n c e signal o v e r t h e range ó & 4 — 5 p p m . 
HDO DM SO 
5 
CHCi3 
_ J  
imp 
ppm 
Fig. 4. P M R s p e c t r u m of h y m a t o m e l a n i c acid 
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substances in b and/or т ppm values 
(10) 
С » ) (12) (14) (14) (15) (16) (17) (18) (19) (20) (21) (22) 
Lac tone 
H i 
Poly-
sacch. Es te r C H , O P h 
Aliph. 
e ther 
S u b s t . 
alcohol 
Lactone Al iph . 
e a r b . acid 
Methyl-
ene Methyl 
4.1 3.9 3.7 2.2 
5.9 6.1 6.3 
3.2 
6.8 
3.2 
6.8 
7.8 
4.2 1.4 0.9 
5.8 
3.85 
6.15 
3.65 
6.35 
3.6 
6.4 
2.95 
7.05 
3.03 
6.97 
2.47 
7.53 
8.6 9.1 
4.2 3.7 2.6 1.3 0.9 
5.8 6.3 7.4 8.7 9.1 
4.4 3.7 2.6 1.3 0.9 
5.6 6.3 7.4 8.7 9.1 
4.2 3.9 2.5 1.7 1.3 
5.8 
4.1 
5.9 
4.1 
5.9 
6 . 1 
3.9 
6.1 
7.5 
2.5 
7.5 
2.5 
7.5 
8.3 
1.5 
8.5 
1.5 
8.5 
8.7 
P M R spectra of hyma tome lan ic acid dissolved in d e u t e r a t e d dimethyl su lphoxide afford-
ed two resonance signals (Fig. 4): a low in tens i ty line a t ô = 2.95 ppm and a high intensi ty 
signal a t ô — 3.65 p p m , which may also he assigned to h y d r o g e n hound to the ca rbon adjacent 
to the oxygen atom. P M R spectra of hymatomelan ic acid in a solvent mix tu re of NaOD and 
ILO revealed a low in t ens i ty signal at ó 3.6 ppm and a h igh intensity line a t b = 3.85 ppm 
(Fig. 5), which may p r o b a b l y be assigned to subst i tuted phenol ic methoxy a n d subst i tuted 
es t e r - type compounds and /o r their m e t h o x y and ester g roups (Table 1). A similar chemical 
shif t can be observed for l ignin (LÜDEMANN et al. 1973), p e a t (OKA et al. 1969) a n d brown coal 
humic acids (LÜDEMANN et al. 1973). Bo th signals disappear, how-ever, a f ter hydrolys is by con-
cen t ra t ed sodium h y d r o x i d e at 105°C for 7 hours (pH 14) a n d two new n a r r o w lines appear 
(Fig. 6) a t chemical sh i f t s of higher in t ens i ty (b = 2.47 p p m ) a n d of lower in t ens i ty (ô - 3.03 
p p m ) (Fig. 6). These s ignals may he assigned to hydrolysis products : s u b s t i t u t e d aliphatic 
acids and subs t i tu ted alcohols, respectively. No aromatic a n d olefine proton was found in the 
PMR spec t rum of these products . This observat ion is in cont rad ic t ion with t he results of IR 
spectra and the f indings of Japanese au thor s (OKA et al. 1969); it is, however, in agreement w ith 
the resul ts reported by BARTON—SCHNITZER (1963) and SCHNITZER SKINNER (1968). The 
re laxa t ion effect of f ree e lect ion spins of hymatomelan ic ac ids may have in te r fe red with the 
P M R measurements . F u r t h e r resonance signals are, again, p robab ly due to l ight residues of 
deu te ra t ed solvents and unident i f ied impur i t ies . 
Probably due to t h i s interference, t he PMR spectra of h u m i c acids in a deutera ted so-
dium hydroxide solvent gave no appreciable signals. D a t a publ i shed in the l i t e ra tu re on the 
subjec t as well as our own exper imenta l resu l t s support the a s sumpt ion of s t rong ly subst i tu ted 
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5 ppm 
Fig. 5. P M R s p e c t r u m of h y m a t o m e l a n i c acid 
dioxan 
HDO 
ppm 
Fig. 6. P M R s p e c t r u m of h y m a t o m e l a n i c acid 
c a r b o n ske l e tons in the s t r u c t u r e of humic s u b s t a n c e s , which is in ful l ag reement w i t h the avail-
able chemica l evidence (ORTIZ DE SERRA —SCHNITZER 1973, SCHNITZER 1975, WILDENHAIN 
1969). 
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P O B I T I T E KAMENI , T H E E O C E N E S T O N E FORESTS O F V A R N A 
For 130 yea r s a t t empts have been made to reveal the secret of th is world-famous n a t u r a l 
phenomenon a n d some 33 papers a n d books have been published on the sub j ec t , but no accept-
able final exp lana t ion has been f o u n d so far . Some co lumns were though t to be formed of d r ip -
s tone and others of coral, the vas t cavi t ies were considered to be the resu l t s of boring by sea-
shells, while ce r ta in pieces were t a k e n as the remains of marine algae. These opinions h a v e 
e i ther been r e f u t e d , or the Bulgar ians themselves h a v e tr ied to give some scientif ic explanat ion 
of t he phenomenon . 
For years t he Bulgarian researchers have been offering various explana t ions , par t i cu-
lar ly for the size of the regular, cyl indr ical columns a n d the way in which t he cavities were pro-
duced , but their a rgumen t s cannot he fu l ly accepted. In 1975 Davitasvil i , Georgian academician 
a n d Sachariewa, Bulgarian paleontologis t , joint ly publ ished an i m p o r t a n t monograph w i t h 
115 photos and exp lana to ry d rawings , bu t even t h e y did not arrive a t a n y f inal result w i t h 
regard to exac t ly how and from w h a t these columns developed. In the i r monograph , w r i t t e n 
in Bulgarian, the resul ts of the inves t iga t ions made so fa r are summed u p in English as follow 
(DAVITASVILI—SACHARIEVA 1975). 
"The 'S tone fo res t ' , referred to in the Bulgarian l i tera ture as Pob i t i t e Kameni , is a b o u t 
18 km w est of t he tow n of Varna, in nor th-eas te rn p a r t of the country. T h e columns of Pobi t i t e 
K a m e n i . o therwise called Dikil i tash, are preserved in several groups. Almos t all of the columns 
are cylindrical w i t h a central cav i ty . T h e y are made u p of competent calcareous sandstone . 
The 'S tone fores t ' in the v i c in i ty of Varna, wi th its numerous co lumns (some of t h e m 
real ly gigantic ones) is a grand phenomenon not equalled b y any similar assemblages of na tu ra l 
s t ruc tu res found in various countr ies of the world (Fig. 1). 
While mos t of the columns s t a n d vert ical ly, some of them are somewhat inclined. 
Columns are as a rule of a circular or subcircular cross section but in some of them it is some-
w h a t elliptical. Some structures r e semble umbrellas or huge mushrooms or huge clusters of 
spherical bodies of var ious d iameters . 
A mul t i t ude of theories have been expounded to explain the origin of th is assemblage of 
these, mainly co lumnar , masses of s ands tone pillars. 
While mos t of the theories sugges t various ab io t i c factors, only one of them, pu t for-
w a r d by V. R A D E V , regards the pi l lars as fossilized corals. 
All these theor ies , including t he la t te r , are crit icized in this book a n d discarded. 
The origin of the 'stone fores t ' of Varna canno t be adequately exp la ined by the act ion 
of such factors as erosion, sea abras ion, def la t ion , etc. Ne i the r can it he i n t e rp re t ed in te rms of 
t he s ta lact i t ic-s ta lagmit ic or inf i l t ra t ional theory which is much in vogue a t present . 
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Fig. I. Sketch map of t he stone forest of V a r n a 
The only sat isfactory explana t ion of such a phenomenon r e g a r d s it as a consequence of the 
format ion of concretions a b o u t the trees and o the r plants af ter t h e terr i tory of t he fores t was 
invaded by the sea in the E a r l y Eocene ." 
So m u c h for their resul ts . Although if geologists had called t h e at tent ion of paleo-bota-
nists to th is interest ing p rob lem earlier they would have come closer to the solution long ago. 
A similar problem was raised by the regu la r shape and va s t , hol low interior of t he cylin-
drical columns, which has s t ruck the researchers most of all. 
Sachar iewa, the Bulgar ian paleontologist , has this to say a b o u t them: "Gewal t ige cylin-
drische Säulen bis zur 7 m H ö h e und manchmal mit einem Durchmesse r bis zur 3 m erheben 
sich grossart ig über der Sandobe r f l äche" (SACHARIEWA 1974) (P l a t e I . ) . Both in pas t geological 
epochs and in the present such regular cyl indrical , unbranched t r u n k s have been f o u n d only 
in the t ropical sago-trees Cycas sp. (GREGUSS 1968a) and palms (GREGUSS 1968b) — b u t never 
among pines (GREGUSS 1955) or dicotyledonous deciduous trees (GREGUSS 1959). A p a r t from 
the Cycas sp., only certain pa lms could come u n d e r consideration, b u t large cavities are never 
formed in the interior of the l a t t e r . So, if these hollow columns are of vegetable or igin , t h a t is, 
they were once arboraceous p l an t s , they mus t h a v e belonged to Cycas sp. It is in te res t ing that 
nobody has ever thought of these trees, a l though they offer a s t a r t i n g ()oint and m a y t h u s lead 
to the solution of the problem. The cylindrical t r u n k of the Cycas sp . immediately o f fe red itself 
as a conclusive similarity, as did the i m p o r t a n t correlation b e t w e e n the huge p i t h and the 
t r u n k d iamete r which is, e.g. 3 8 % in Ceratozamia, 2 2 % in Zamia floridana, 45% in Dioon edule, 
24%, in D. spiriulosum, and as much as 6 0 % in Macrozamia moorei. In Plate I I , F ig . 1 the re-
mains of a cylindrical column is seen, and beside it the t runk cross sect ion of an ex is t ing Macro-
zamia, which clearly shows t h a t the pith may be as much as 40 cm in d iameter (GREGUSS 1968a). 
The p i ths of some fossils were generally abou t the same size ( P l a t e I I , Figs 1 and 2). 
The similari ty is also a p p a r e n t as regards height . Some Cycas specimens are capable of 
reaching or even exceeding the 7 m height of the cylindrical s tone columns. The Aust ra l ian 
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Plate I 
Fig. 1. Landscape de ta i l of the s tone fores t of Varna . T h e uniform cy l indr ica l shape of t h e 
high co lumns is a p p a r e n t 
Macrozamia moorei, for example, ha s a cylindrical t r u n k 5—7 m in height a n d 1 m in d iameter , 
whi le other species m a y even exceed a height of 20 m. T h u s the cylindrical shape and the simi-
l a r height provide a sui table basis fo r comparison be tween the fossils and ce r t a in Cycas species. 
Of another s imilar phenomenon Sachariewa wr i t e s : "Nich t alle Säu len stehen einzeln 
u n d manchmal sind sie miteinander ve rwachsen . Die Verb indungen zwischen den verschiedenen 
Säulen sind verschieden. Manchmal b e r ü h r e n sie sieh m i t den Seiten, m a n c h m a l kommt es zu 
e iner völligen Vereinigung, so dass doppe l t e , dreifache ode r sogar v ie r fache Säulen auch en t -
s t a n d e n s ind" (P la te I I , Fig. 3). If all t h i s is applied to t h e Cycas sp. of t o d a y the following ex -
p lana t ion can be g iven. Some Cycas species have fu rca t e s t ems or growth t i p s beneath ground 
level , which, when t h e y emerge above t h e soil surface as new stems, are close together, or m a y 
even touch one a n o t h e r . In other cases th ree or four o f f shoo ts may grow o u t of the base of t he 
fu l l y developed t r u n k , so tha t they g row almost bush-l ike side by side, as seen in the case of 
t h e South African Encephalartos longifolius (GREGUSS 1955) (Plate I I , F ig . 4). From this com-
par i son it can be es tabl ished again t h a t the re is some sort of relation be tween t he fossils and t h e 
Cycas sp. living t o d a y . 
Sachariewa a n d her co-workers d id not explain the following obse rva t i on either: "E in ige 
der Säulen bestehen aus Knollen verschiedener Grösse, welche hei der W i t t e r u n g der Säulen 
abbröckeln und umher l iegend den S a n d bedecken" (P la te I I I , Fig. 2). T h i s can be explained as 
follows: Some Cycas species living t o d a y have the pecu l ia r feature of somet imes developing 
secondary shoots on t he sides of the i r t r u n k s . These are generally spherical or tuber-like, a n d , 
as vegetat ive sprou ts , ensure th rough abscission the su rv iva l of the species (Pla te I I I , Fig. 2). 
In her pape r Sachariewa wr i t e s of a phenomenon t h a t has a l ready caused researchers 
p l e n t y of headaches. She writes: " S ä m t l i c h e Säulen sind bere i ts von ihrem G r u n d aus von einer 
cylindrischen Zent ra lhöhle d u r c h b o h r t " . Or in another p lace : " E s handel t s ieh um die Zentral-
höh le , die sämtliche Säulen vom G r u n d bis zur Spitze du rchbohr t u n d die das wesentlichste 
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Fig. 1. Cross section of t runk in a living gigantic Macrozamia of 1 m diameter , wi th a large 
p i th 40 cm in d iameter . The decay of such a p i t h m a y have resul ted in a cavity. Beh ind it a 
vast cavi ty can be seen in t he in ter ior of a fossil t r u n k 
Fig. 2. Pa renchyma cells in a pith f r a g m e n t f rom a fossil Cycas t runk (50 X ) 
Fig. 3. Three gigantic hollow columns close to one another , and a b roken smaller one in f r o n t 
Fig. 4. The enormous cylindrical t r unks of Encephalartos longifolius in South Afr ica grow 
similarly close toge the r 
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Fig. 1. Outgrowths were found on t he side of an eno rmous t runk 
Fig. 2. Exact ly t h e same phenomenon is seen on the t r u n k of a living Cyrus revoluta. The off-
shoots on t h e side of the t r u n k serve for the vege ta t ive p ropaga t ion of the plant 
Fig. 3. An e n o r m o u s fossil co lumn has two cavit ies inside with a s epa ra t i ng wall b e t w e e n 
them. ( F o r explanat ion see the text) 
Fig. 4. Dichotomous Encephalartos princeps (Cycas). A t the point where it branches off the 
c e n t r a l pi th also b i fu rca t e s 
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und character is t ischeste Merkmal der Säulen ist . E s hat allen A u t o r e n , die sich m i t dieser 
Frage beschäf t igen , Schwierigkeiten bereitet. S t ü c k e mit Teredoröhrchen (boring shells) sind 
eine ausserordent l ich häufige Ersche inung in der Gegend der S ä u l e n " . This is explained b y the 
following: Of the two cylindrical t ree types, the sago palms and t h e t r u e palms, in t h e inferior 
of the la t te r t he r e is no such medu l l a r s t ructure which , when d e s t r o y e d , leaves beh ind a vast 
uni form cavi ty . Such a s t ruc ture occurs only in the Cycas sp., whose loose, elderpith-like medul la , 
if decayed or des t royed, necessari ly leaves behind an enormous c a v i t y . Thus, the v a s t hollows 
in some of the V a r n a trees could occur with abso lu te certainty o n l y in Cycas trees (GREGUSS 
1968a). 
Another — similarly unexp la ined - obse rva t ion of theirs can also be easily i n t e r p r e t e d . 
They write: "Be i vielen der Säulen ist der zentra ler Hohlraum d u r c h eine vertikale Q u e r w a n d 
geteilt. Diese Querwand bes teh t aus dem gleichen Material aus d e m das Steinrohr b e s t e h t " 
(Plate I I I , Fig . 3). 
This phenomenon has a n a t u r a l exp lana t ion . In some Cycas species the t r u n k always 
shows a d ichotomous branching a t a certain he igh t (Plate I I I , F ig . 4). Up to the p o i n t where 
the t runk b ranches off there is only a single c e n t r a l medullar cy l inde r in it. From t h i s point 
onwards , however , in the two la te ra l branches t h e p i t h also con t inues in two direct ions (GRE-
GUSS 1955). Above the point of b ranching the medu l l a , the bark a n d t he wood in the t w o lateral 
branches are necessarily connected merely by a c o m m o n " Q u e r w a n d " , whose mater ia l m u s t he 
the same as t h a t of the u n b r a n c h e d common t r u n k . This is why in t he fossils two cavi t ies of 
identical size wi th a separa t ing " Q u e r w a n d " be tween them can be seen. Thus , t h e role 
a t t r ibu ted to borers in producing the cavities has no ground at all. Borers are unable t o gnaw 
such regular cylindrical holes in t rees . 
However , among the nea r ly 900 photos m a d e by the Bu lga r i an paleontologist t h e r e are 
some showing columns with no internal cavities. These trees could not he sago p a l m s , only 
pines or dec iduous trees; moreove r , small pieces were found whose external a n d in ternal 
s t ructure suggested the former occurrence of huge mar ine algae. 
However , all this could on ly he finally se t t l ed by thorough ana tomica l s tudies, as could 
the question of whether the p rev ious external morphological obse rva t ions and thei r in terpre-
ta t ion were correct . On the has is of some 30 pol ished samples o b t a i n e d in the course of our 
invest igat ions, we have succeeded in verifying, in a monograph w i t h 35 plates and a b o u t 150 
photos, t h a t m o s t of the fossils of Yarna were decidedly Cycas sp . , i. e. sago p a l m s , while 
others were pines or deciduous t rees . Finally, m a r i n e brown algae also occurred w i t h marine 
microorganisms on them. 
Plate IV 
Fig. 1. Pro tos te le bundles in a p i th f ragment f r o m the fossil t r u n k of either a Cycas or a 
Pteridophyta 
Fig. 2. Below in the right corner the cross sec t ion of a living Alsophyla is seen. B o t h here 
and in Fig. 1 t he U-shape of t h e protostele b u n d l e s is an ancient p a t t e r n . In the m i d d l e the 
large p i t h , and on t he l e f t the outer co r t ex of the Alsophyla are seen (100 x ) 
Fig. 3. Cross section of a p ine (perhaps Sequoia) wi th three a n n u a l zones. The cross sections 
of t racheids in the annual zones tend to be a n g u l a r and are a r r a n g e d in a rad ia l p a t t e r n . 
The m e d u l l a r y rays are one-layered (100 x ) 
Fig. 4. Cross section detail f r o m the t runk of a dicotyledonous dec iduous tree (possibly Laura-
ceae). The cavernous vessels a re isolated, twin-pores or short pore r ays . The ground tissue is 
wood f ibre (100 x ) 
Fig. 5. Cross section of a cauloid fraction f r o m a large brown a lga . Among the diversif ied 
cross sections of the highly e longa ted hyphae t h e cross section of a sea urchin (Echinoidea) 
can be seen (25 x ) 
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In several polished samples so-called polysteles were demons t r a t ed which, a m o n g the 
now exist ing trees, occur only in sago palms (GREGUSS 1968a) or in species closely re la ted to 
t h e m (OGURA 1938) (P la te IV, Figs 1, 2). 
Other polished samples were made f rom former pine t rees (GREGUSS 1955, 1972). The 
a n n u a l rings were clearly visible on t h e m . The t racheids were a r ranged in a radial p a t t e r n with 
one- layer medul lary r ays running in be tween. This k ind of s t ruc tu re is found exclus ively in 
pines. One of the polished samples was p robab ly prepared f r o m a Sequoia t r u n k (GREGUSS 
1967), clearly showing t h a t in the Varna forests pine t rees occurred in the Lower Eocene (Plate 
IV, F ig . 3). 
Another polished sample was made f rom the t r u n k — or pe rhaps branch — of a decid-
uous tree. I t clearly showed tha t in t he inside of the tree the t r acheae were i so la ted , twin-
pores or short pore r ays (GREGUSS 1968b). Between t h e m the ground tissue was fi l led in with 
wood-f ibres , wood-parenchyma or t racheids . This s t ruc tu re is only found in dec iduous trees. 
This fossil p robably or iginated f rom a thermophi lous deciduous tree (MAGDEFRAU 1953), pos-
sibly a laurel (GREGUSS 1959, 1968c). Thns , in the s tone forest of V a r n a deciduous t ree oc-
curred wi th absolute ce r t a in ty besides t he Cycas sp. and pine t rees (Pla te IV, Fig. 4). 
One cylindrical fossil about 4 cm th ick m a y have been a gigant ic brown alga / L a m i n a -
ria?, Lessonia?, Macrocystis?) of mar ine origin (SEWARD 1963). I t s inside was no t , however , 
filled u p by vessels or t racheids , hut b y so-called " h y p h a - l i k e " t h r eads and bundles. The i r cross 
sections differed decidedly f rom those of the vessels in deciduous t rees (Plate IV, Fig. 5. See 
the explanat ion of the Plate) . 
F rom a scientific point of view this also proved to he a new genus and a new species 
(Hyphaites varnense nov . gen. et sp.; see the exp lana t ion to Pla te V). 
The marine origin is best proved b y var ious mar ine microorganisms found on t h e surface 
and in the interior of the fossils (Nummulites, Foraminiferae), as shown by the f igures in 
P la te VI . 
But how were these t iny animals able to p e n e t r a t e into the cauloid pa r t of t h e brown 
a lga? In the centre of the 4 cm thick, half-polished cylindrical column signs of a cer ta in degree 
of fo rmer decay were not iced. In all p robabi l i ty the inter ior of the piece of t runk slowly loosened 
as i t began to decay, so t h a t the microorganisms were easily able to gnaw into it and feed on it. 
T h e y then remained there a f te r the process of decay was completed . 
Dr. Tibor Kecskemét i , the p rominen t exper t on Nummulites, ident if ied the microfossils 
on t he basis of photos a n d sections, and kindly gave f u r t h e r in fo rmat ion on them. I t was f rom 
h im t h a t the au thor learned the marine or brackish wa te r origin of these microfossils, charac te r -
Plate V 
Fig. 1. Tal l mul t i layer h y p h a medul la ry rays r u n be tween the two rows of h y p h a vessels, 
which have wide cavit ies . In the walls of the h y p h a vessels black openings or inden ta t ions 
of va ry ing shape are f o u n d . The war t s on the walls are the ends of t he th in hyphae composing 
the vessels. On the r igh t several ad j acen t openings are found , well separa ted by double h y p h a 
walls (80 X) 
Fig. 2. The crescent-shaped white field in the u p p e r r ight corner of Fig. 1 shows t he wall 
th ickness of a h y p h a vessel. The uneven lines of the ou te r and inner walls indicate the b o u n d a r y 
of t he in ternal cavi ty and the ou te r surface (100 X) 
Fig. 3. Encircled deta i l f r o m Fig. 1. The t iny whi te spots are t he ends of the t h i n h y p h a e 
(240 x ) 
Fig. 4. Encircled detai l f r o m b o t t o m lef t of Figs I , 2. Arrow 1 shows two in terwoven h y p h a e , 
ar row 2 a single b ranch ing h y p h a , arrow 3 indicates the ends of h y p h a e in the wall of the ves-
sel; t he same is seen a t ar row 5. In o ther p a r t s of the f igure the b r anch ing of hyphae in t h e wall 
of the vessel are seen (450 x ) 
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Figs 1 — 4. Cross sections of var ious Echinoidea spines (30 x ) 
Fig. 5. Foraminifera (or Asterigerina ?) shell (30 x ) 
Figs 6—8. Various Nummulite shells (30 x ) 
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is t ie m a i n l y of the L o w e r Eocene . Accord ing to his s t a t e m e n t s , f r ac t ions of shells of Nummulites 
a n d - w i t h some r e s e r v a t i o n s — of Asterigerinae, as well a s of Foraminiferae, a n d spine f rac-
t ions of Echinoideae we re f o u n d a m o n g t h e microfossils. T h e Nummulites f r a c t i o n s or ig inated 
f r o m species wi th p r i m i t i v e shell c o n s t r u c t i o n and r e p r e s e n t e d an early p h y l o g e n i c phase of 
the Nummulites genus . T h e r e f o r e , the age of t h e f auna here c a n n o t he cons idered y o u n g e r t h a n 
t he Lower Eocene. A m o n g t h e Nummulites, iden t i f ica t ion closer t h a n the g e n u s w a s successful 
only in t w o cases, a n d e v e n t h a t went o n l y a s f a r as the l ined Nummulites. If n o t h i n g else their 
p resence p roves b e y o n d d o u b t the t e m p o r a r y presence of t h e sea . Some of t h e s e an ima l s , 1 - 5 
m m in size, are p r e s e n t e d (see e x p l a n a t i o n t o P la te VI ) . 
Bes ides the s h o r t i n f o r m a t i o n g iven a b o v e m a n y d a t a cou ld he p u b l i s h e d t o prove t h a t 
in t he s t o n e forests of V a r n a nei ther cora l n o r dr ip-s tone o c c u r r e d , and t h a t t h e l a rge cavities 
were n o t g n a w n by b o r e r s . We readi ly a c c e p t , however , t h a t ex t e rna l phys ica l a n d chemical 
forces p l a y e d an i m p o r t a n t role in s h a p i n g t h e columns a n d o t h e r fo rma t ions t h r o u g h o u t mil-
l ions of y e a r s . Thus , in B u l g a r i a n guides t o t r ave l l e r s the s ec t i on concerning t h e or igin of the 
s tone f o r e s t of Varna s h o u l d defini tely be m o d i f i e d , as mos t of i t can lie t r a c e d b a c k w i t h abso-
lu te c e r t a i n t y to p l a n t s t r u c t u r e s . All t h i s h a s been e s t ab l i shed w i t h the aid of p a l e o x y l o t o m y 
by a H u n g a r i a n r e sea rche r , who has t h u s c o n t r i b u t e d g rea t l y t o the solut ion of t h i s 130 year 
old p r o b l e m (GKEGUSS 1968b) . 
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J Ó Z S E F S A D L E R A N D T H E H U N G A R I A N E X S I C C A T E S 
( H u n g a r i a n Exsiccates. 2.*) 
József Sadler, inuseologist (Fig . 1), who continued the nearly four-decade flora research 
of Win te r l and Ki ta ibe l in the years between 1810 and 1825, botanized unt i r ingly in d i f ferent 
p a r t s of Hungary (par t icular ly in t he t h e n Pest coun ty , bu t also in T ransdanub i a , the Mát ra 
hil ls , Transylvania a n d the Nor th a n d Eas t Carpathians) , and also did a lot of collecting in 
N o r t h e r n I taly in 1818 and on the coas t of Croatia in 1825. Besides his own travels he kep t 
u p a correspondence, and above all a lively exchange of he rba r ium specimens, with m a n y of 
E u r o p e ' s prominent botanis ts . Thus , wi thin a fairly shor t t ime he compiled a he rba r ium of 
nea r ly 30,000 pages, which was o u t s t a n d i n g in Europe at t ha t t ime . Th i s mater ia l l a te r fur-
n ished the basis for t he large H u n g a r i a n comparat ive he rba r ium (JANKA 1880): the collection 
of European fame in t he Hungar ian Nat iona l Museum, la ter the Museum of N a t u r a l Sciences. 
Fig. 1. A por t ra i t of József Sadler. T h e work of an u n k n o w n painter . (P rope r ty of the Historica 
Section of t he Museum of N a t u r a l Sciences.) 
* 1.: Bo t . Közlem., 1976, 63, 217—229. 
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1. Sadler ' s botanical work 
Afte r c o m p l e t i n g his p h a r m a c e u t i c a l s tudies , a n d while b e g i n n i n g his med ica l s tud ies , 
f r o m 1815 onwards Sad le r took a m o r e a n d more ac t ive p a r t in the w o r k of t each ing a t t h e Pes t 
U n i v e r s i t y (f irst w i t h Ki ta ibe l and S c h u s t e r , t hen as Haber l e ' s a s s i s t a n t ) . T h o u g h a p p o i n t e d 
to t h e Nat iona l M u s e u m in 1821, h e c o n t i n u e d his w o r k a t the U n i v e r s i t y . In 1826 he became 
d e a n of the Medical F a c u l t y and , a f t e r t h e d e a t h of U a b e r l e in 1834, u n i v e r s i t y p ro fe s so r and 
d i r e c t o r of the B o t a n i c Garden . A f t e r 1830 he was u n a b l e to con t inue his collect ing t o u r s owing 
t o h i s m a n y and v a r i e d c o m m i t m e n t s , h u t he did no t s top his l i t e r a r y work in b o t a n y , and 
m a d e fa r - reach ing p l a n s to car ry on t h e na t i on -wide n a t u r a l h i s to ry exp lo ra t i on l a u n c h e d by 
K i t a i b e l . I t was Sad le r who p u b l i s h e d t he f i r s t e x h a u s t i v e H u n g a r i a n c o u n t y f l o r a work 
(SADLER 1825—1826, 1840) and t h e n sugges ted t he compi la t ion a n d pub l i c a t i on of a n illus-
t r a t e d f lor is t ic w o r k cover ing the who le c o u n t r y . H e also raised t he idea of exp lo r ing t h e full 
n a t u r a l h is tory of H u n g a r y . For n e a r l y t w o decades he worked on t h e p r e p a r a t i o n of t h e grea t 
H u n g a r i a n Flora , e m p l o y i n g not on ly h i s o w n n u m e r o u s obse rva t i ons on n a t u r e , his exper ience 
in col lec t ing and his i m m e n s e h e r b a r i u m , b u t m a n y of his un ive r s i ty s t u d e n t s , too. Bes ides his 
v a l u a b l e essays ( fc r e x a m p l e H u n g a r i a n p t e r i d o p h y t e s , orchids , e tc . ) some 20 d i s se r t a t ions 
w e r e ccmple t ed b e t w e e n 1830 and 1845 w i th his gu idance and he lp . These m o n o g r a p h s by 
h i s s t u d e n t s , t h o u g h mos t l y mere c o m p i l a t i o n s of medica l b o t a n y (KANITZ 1861—1863, 1865), 
i n c l u d e d some real ly va luab le f lora w o r k s (e.g. the f i r s t compi la t ion of t h e r ich s u b m e d i t e r -
r a r . c a n f lc ra cf t he Mecsek hills by K á r o l y N e n d t v i c h (NENDTYTCH 1846)). 
Sadler p e r f o r m e d extens ive s t u d i e s on the h i s t o r y of b o t a n y in H u n g a r y in t h e 16th 
c e n t u r y (SADLER 1845a) , and he was also t h e in i t ia tor of inves t iga t ions i n t o mine ra logy , pe t rog-
r a p h y a n d pa l eon to logy in H u n g a r y (KÁTAI 1865). H e was the f i r s t pe r son in H u n g a r y t o use 
a mic roscope in b o t a n i c a l research w o r k . 
Sadler h a d o u t s t a n d i n g m e r i t s in t h e bo tan ica l exp lo ra t ion of H u n g a r y , and in t h e con-
s t r u c t i o n of the large c o m p a r a t i v e h e r b a r i u m . Moreover , he was an e x t r e m e l y ef f ic ient o rgan izer 
a n d museo lcg i s t . H e p r o v e d his exce l len t qua l i t i es in b o t h his u n i v e r s i t y t e ach ing a n d in popu-
l a r i z i n g lectures . H e w a s t h e f i rs t l e c t u r e r in t h e Medical F a c u l t y of t he U n i v e r s i t y w h o , as ear ly 
as M a r c h 1841, w a n t e d to deliver his l e c t u r e s in H u n g a r i a n as well as in t h e t r a d i t i ona l l anguages 
of i n s t r u c t i o n , L a t i n a n d G e r m a n (GOMBOCZ 1914: 175). In those d a y s t h i s was a v e r y b r a v e 
e s p o u s a l of na t iona l i s t v iews ; lec tures a t t h e Medical F a c u l t y were on ly al lowed to he he ld in 
H u n g a r i a n dur ing t h e 1845/46 schoo l -yea r , a f t e r p ro longed n e g o t i a t i o n s and a l t e r c a t i o n s . 
Sadler was g r a n t e d m e m b e r s h i p of a n u m b e r of foreign sc ien t i f i c assoc ia t ions (e.g. 
J e n a , Hal le , B e g e n s b u r g , and the Naturae Curiosorum in Moscow). H e w a s a f o u n d e r , c o m m i t t e e 
m e m b e r and f r e q u e n t l ec tu re r of the R o y a l H u n g a r i a n Socie ty of N a t u r a l Sciences. I i i s l ec tu res , 
d e l i v e r e d e i ther a t t h e Un ive r s i t y o r a t va r ious profess iona l sessions of t h e Socie ty , g rea t ly 
p r o m o t e d f lora r e s e a r c h in H u n g a r y , a n d were of g r e a t service to t h e p rev ious ly s o m e w h a t 
n e g l e c t e d publ ic e d u c a t i o n in b o t a n y . T h i s appl ies still m o r e to Sad le r ' s pub l i ca t ion of t h e f i r s t 
H u n g a r i a n exsiccates , wh ich received v e r y l i t t le recogni t ion . 
2. Sadler's two exsiccates 
W i t h a view t o t h e d e v e l o p m e n t of pub l i c e d u c a t i o n in b o t a n y in H u n g a r y , Sad le r ad-
v a n c e d a highly i m p o r t a n t p lan in 1821: t o compile a n d pub l i sh a col lect ion of exs icca ted H u n -
g a r i a n p lan t s . He p r o b a b l y p lanned 8 + 8 book le t s , a n d to each fascicle (accord ing to Sad le r ' s 
t e r m i n o l o g y : " v o l u m e " ) in t ended to p u b l i s h a s epa ra t e i n t e r p r e t a t i v e b r o c h u r e in H u n g a r i a n . 
T h e f i r s t out l ine of t h e w o r k , and l a t e r t h e p r e s e n t a t i o n of t he ind iv idua l bookle t s , were p u b -
l i shed in t he journa l " F l o r a " a t R e g e n s b u r g (SADLER— PAUER 1821 1823), t h e n repor t s a p p e a r e d 
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(THAISZ 1823- 1824) in t he f i rs t con tempora ry Hungar ian scientif ic journal " T u d o m á n y o s Gyűj -
t e m é n y " (Scientific Collection). After the complet ion of the f i r s t 8 fascicles in 1824, Sadler added 
a s epa ra t e ti t le-sheet, an 8-page preface a n d indexes to t he 8 in te rpre ta t ive brochures . T h e 
whole t e x t , which a m o u n t e d to only 112 pages , can be f o u n d in one volume in several Hungar -
ian pub l i c libraries even today. The fu l l t i t le is: " M a g y a r á z a t a ' magyar p l á n t á k ' szár í to t t 
gyű j t eményéhez . Kész í t e t t e Szádler Jó ' se f . . . " (Exp lana t ion of the exsiccated collection of 
H u n g a r i a n plants. D r a w n u p by Jó'sef Szádler . . .). I t is w o r t h noting t h a t th i s is the only t ime 
Sadler used his name in i ts Hungar ian phone t i c form. 
In contrast to t h e mentioned bookle t s , hardly a n y t h i n g is known a b o u t the f u r t h e r 8 
fascicles. In his f u n d a m e n t a l bibl iography GOMBOCZ (1939) does not even men t ion the o ther 
8 book le t s ; he only wr i tes about them in his history of b o t a n y * (GOMBOCZ 1936), and even then 
only in t he foot-note w h e n enumera t ing t h e bibliographic d a t a of 14 fascicles. KANITZ (1865: 
156) spoke of 16 p lanned booklets, which were "angekünd ig t , aber nie e r sch ienen" (announced , 
b u t neve r published). NEILREICH (1866) saw only the f i r s t 8 booklets and r e m a r k e d : "die fol-
genden Hef t e vermochte ich nicht a u f z u f i n d e n " (I was u n a b l e to find the following booklets). 
Of bookle t s with serial n u m b e r s over 8 on ly the texts of N o s 9—11 can be found in the l ibrary 
of t he Depa r tmen t of T a x o n o m y , E ö t v ö s Loránd Univers i ty , bound toge ther wi th the f i r s t 8 
bookle ts . In the His tor ica l Section of t he Museum of N a t u r a l Sciences a somewha t incomplete 
series was discovered ( toge ther with several duplicates): here booklets Nos 10, 11 and 13 are 
f o u n d . I n ihe he rba r ium of the Botanical Collection bookle t No. 12 was also found . Thus , 13 of 
the 14 booklets men t ioned by Gombocz h a v e been discovered, and only the las t one is missing. 
E a c h fascicle ( " v o l u m e " ) of the exsiccate contains 25 carefully p repa red p lan t species 
f ixed w i t h adhesive t a p e to herbar ium sheets 19.5X32.5 c m in size. A p a r t f r o m the damage 
caused b y insects to a f ew specimens, t he p l an t s of the exsiccate are in good condit ion despite 
being near ly 150 years old (Fig. 2). On a t i n y printed label in the lower r igh t -hand corner of 
each he rba r ium sheet t h e La t in name and h a b i t a t of the p l a n t species are indica ted . The fascicles 
(each containing h e r b a r i u m sheets for 25 species) are covered wi th blue ca rd -board and bound 
like books with thin s t r ing (Fig. 3). Thus , t h e fascicles look like th in books (or booklets) and can 
be p laced on l ibrary shelves. A label w r i t t e n in H u n g a r i a n is s tuck on the f r o n t of the blue 
cover indicat ing the serial number of the " v o l u m e " , a reference to the medical or agr icul tura l 
series, t he name of the ed i to r (J. Sadler) a n d the year of publ ica t ion ; for the medicinal p lan t s 
an addi t iona l label in L a t i n is also found on the cover. Since the year was no t indicated on the 
in t e rp re t a t ive brochures , the years wr i t t en on these labels helped in de te rmin ing the year of 
pub l ica t ion for the 14 fascicles of Sadler ' s exsiccate: 
Fascic le Y e a r of 
publ ica t ion 
1 — 4 1 8 2 3 
5 - 8 1 8 2 4 
Preface and indexes 1 8 2 4 
9 — 1 1 1 8 2 5 
1 2 — 1 3 1 8 2 7 
1 4 1 8 3 0 ( ? ) 
* As may be seen, in the b ib l iography published th ree years later Gombocz only listed 
8 book le t s , compared to t he 14 men t ioned earlier. This was in all probabi l i ty due to the fac t 
t h a t Gombocz actual ly compiled his b ib l iography be tween 1910 and 1920, when only 8 hook-
lets were known. Owing to the war. and fo r o ther reasons, t he bibl iography was only published 
in 1939, whilst his h i s t o r y of botany, a new, more complete work was issued earlier, in 1936. 
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According to Sadler 's original p lan , the fascicles would have contained medic inal and 
agr icul tura l ("oeconomic and technological") species a l te rna te ly . The former were , however, 
fewer in number , so only 6 of the 14 booklets (Nos 2, 4, 6, 9, 12 and 14) conta ined plants of 
medical value (150 species), while in the o ther fascicles species which could be ut i l ized in agri-
cu l tu re , indus t ry , hor t i cu l tu re , etc. ( including several fungal diseases) are found . 
Fig. 2. H e r b a r i u m specimen of Plantago arenaria W . et К . in the exs iccate 
Much less is k n o w n of Sadler 's e t he r exsiccate, which conta ined species of Gramineae, 
Cyperaceae and Juncaceae, b u t wi thou t i n t e rp re t a t i ve texts . I t is qui te certain t h a t Sadler had 
long been a close observer and collector of the agr icul tural ly impor tan t grasses a n d sedges 
occurr ing in H u n g a r y , of which m a n y t races are found in his h e r b a r i u m and in t he "Exp lana -
t i o n s " of the above men t ioned first exsiccate. His collecting work provided rich mate r ia l for a 
more comprehensive pape r on Gramineae publ ished in H u n g a r i a n (SADLER 1845b). I t was prob-
ab ly as a pre l iminary s t u d y for this pape r t h a t he presented t he majo r species of Gramineae, 
Cyperaceae and Juncaceae found in H u n g a r y , Croatia and D a l m a t i a in his second exsiccate for 
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bo tan i s t s and agr icul tur is ts . Very little t r a c e of this exsiccate has remained, beyond a ment ion 
of i t s t i t le by KANITZ (1865: 157) who a d d e d : " E x e m p l a r e sind noch um ein Thaler bei dem 
Ver leger G. Kilian in Pes t zu b e k o m m e n " . ( In other words , a quar ter of a c e n t u r y af ter i t h a d 
been published copies were still available in Pest . ) From WITTSTEIN'S book (1852: 779) we learn 
t h a t Sadler "gib t seit 1836 auch eine Agrostotheca hungarica heraus" . F ina l ly , besides the fu l l 
Fig. 3. J acke t for fascicle No. 12 of Sadler ' s exsiccate 
t i t le , GOMBOCZ'S h i s to ry of botany (1936: 441) and his b ibl iography (1939: 28) give ano the r 
year , according io wh ich the two-volume folio work " D i e Gräser Ungarns . . . Agrostotheca 
Hungarica . . . " was publ i shed in 1841. (As for the species n u m b e r and con ten t , however, no in-
f o r m a t i o n is given in Gombocz 's h is tory of botany.) 
The original of Sadler 's second exs icca te has not been found so far , b u t we have found a 
two-page , folio-form list in manuscr ip t headed "Agrostotheca hungarica, ed i tore Jos . Sad le r " 
w i t h no date . I t con ta ins the names of 75 p l an t species, and for some of t h e m also the h a b i t a t s . 
I t was presumably t h e species included in this list t h a t Sadler published in t he Agrostotheca. 
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Some of the p lan t s (ma in ly t h e moun ta in sedges) are f rom the High Ta t r a , while a n u m b e r of 
species are f r o m the coas t nea r Fiuine. 
Valuable d a t a h a v e been found in the His tor ica l and Bo tan i ca l Sections of t h e Museum 
of N a t u r a l Sciences concern ing both the second and f i rs t exs icca tes . Thanks are due to Mrs. 
I . L. Allodiator is , Mr. J . Ú j h e l y i and Mr. S. T ó t h for their k ind he lp and d i s in te res ted collabo-
ra t ion . 
Sadler ' s two exs icca tes , which include a t o t a l of more t h a n 400 species, served t h e purpose 
in t ended by thei r a u t h o r . As pointed out b y GOMBOCZ (1936: 441), these collections were still 
to he f o u n d in in s t i t u t e s a n d schools, even in t h e 1930's. 
Sadler ' s " E x p l a n a t i o n s " contain m a n y va luab l e e t h n o b o t a n i c a l da t a , a n d in add i t ion 
a long list of H u n g a r i a n a n d German p o p u l a r p lan t n a m e s f r o m the 1820's, m a n y of t h e m 
previously u n k n o w n . Since these " E x p l a n a t i o n s " , wr i t t en in H u n g a r i a n , have n o t been deal t 
w i th so f a r b y e i ther the bo tan ica l or the l inguis t ic l i t e ra ture of H u n g a r y (apar t f r o m Nos 1 8, 
the o the r bookle ts were h a r d l y known to exis t a t all), it seemed to be worth-whi le s u m m i n g u p 
these l i t t le k n o w n d a t a of Sadler ' s in a s e p a r a t e work (PRISZTER, in press). T h e L a t i n n a m e s 
used b y Sadler , wh ich h a v e changed cons ide rab ly dur ing t h e las t 150 years , t o g e t h e r with 
the ful l species l ist of the exsiccates , are t r e a t e d in ano ther w o r k (PRISZTER 1976). 
3. H u n g a r i a n exsiccates published a f t e r Sadler 
Sadler ' s p ioneer w o r k in publ ishing t h e exsiccates h a s b e e n followed b y m a n y o thers 
since the 19th c e n t u r y in H u n g a r y , and t h e p r i v a t e col lect ions were soon fo l lowed b y large 
official exsiccates . T h e l a t t e r were no longer pub l i shed by resea rchers , who — t h o u g h highly 
en thus ia s t i c — were s h o r t of adequa te f i n a n c i a l means , h u t b y t h e more a f f l u e n t bo tan ica l 
i n s t i t u t ions (most ly l a rge n a t i o n a l he rbar ia ) . 
Since no c o m p r e h e n s i v e review of t hese h a s ever been m a d e in H u n g a r y ( a n d ha rd ly 
a n y a b r o a d ) a brief ou t l ine of the H u n g a r i a n exs icca tes and of those connected w i t h H u n g a r y 
is p r e sen ted below, w i t h o u t a n y claim to be comple t e (cf. PRISZTER 1959: 133—134). 
No t m u c h la te r t h a n Sadler , Gyula K o v á t s , museologis t , publ i shed an exs icca te consist-
ing of 15 " c e n t u r i a e " ( p a r t of it edi ted twice) u n d e r the t i t le " A z ausz t r ia i b i roda lom, különösen 
Magyarország és E r d é l y r i t k á b b szár í to t t n ö v é n y e i " (Less f r e q u e n t exsiccated p l a n t s of the 
Aus t r i an E m p i r e , p a r t i c u l a r l y f rom H u n g a r y a n d T r a n s y l v a n i a , 1844—1850). Mihá ly Fuss ' s 
T r a n s y l v a n i e n exsiccate was publ ished in a m u c h more m o d e s t fo rm (Herbar ium Normale 
Transsilvanicum. H e r m a n n s t a d t , 1862- 1872; II fasc.) The l a t t e r can ha rd ly he considered a 
t rue exs icca te , since it w a s m a d e in only 6 copies . In a s imilar w a y , those exs icca ted p l a n t col-
lect ions — fu rn i shed w i t h p r in t ed labels — wh ich or ig ina ted f r o m longer t r ips t o a r ea s which 
h a d h a r d l y been explored b o t a n i c a l l y can on ly be regarded as h e r b a r i u m e x c h a n g e of some 
i m p o r t a n c e . These inc lude , for example , Roehe l a n d Heuf fe l ' s p l a n t s f rom B a n a t ( n o w pa r t of 
Yugos l av ia ) (1823, 1833), Szovi ts ' s collections f r o m the U k r a i n e and the Cr imean peninsula 
(LÁNG 1827), Noé ' s p l a n t s f r o m t h e Quarnero B a y ( 1 8 3 3 - 1 8 3 6 ) a n d F iume (1843), a n d above all 
t he h e r b a r i u m ma te r i a l of F r iva ldszky ' s h igh ly i m p o r t a n t H u n g a r i a n expedi t ions to the Bal-
k a n s (1833—1838). 
T h e o f t en cited " F l o r a Exsiccata Austro-Hungarica" (KERNER—FRITSCH 1881 1913), 
an excel lent ly a r r anged A u s t r o - H u n g a r i a n exs icca ted plant col lect ion published in a n exempla ry 
fo rm, is of qu i te a d i f f e r en t charac te r . I t was compi led by the wel l -known A n t o n K e r n e r , who 
worked a t i t unt i l his d e a t h . Ten " c e n t u r i a e " were edi ted in V i e n n a in 33 y e a r s : t h e whole 
series con ta ined 4000 species, near ly a q u a r t e r of which o r ig ina t ed f r o m H u n g a r y , a n d the best 
known H u n g a r i a n b o t a n i s t s t ook pa r t in col lect ing them. 
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I t was a t the beginning of the 20th c e n t u r y that Á r p á d Degen — wi th t h e help of his 
colleagues a t the Seed Test ing Ins t i tu te — s t a r t e d publishing two highly i m p o r t a n t exsiccates 
of H u n g a r i a n grasses and sedges. "Gramina Hungarica'' con ta ined 450 t a x a in 9 volumes 
{1900—1914 and 1939), while "Cyperaceae, Juncaceae . . . Hungaricae Exsiccatae" contained 
280 t a x a in 5 volumes (1914—1915 and 1928). I t was also at t he beginning of th i s cen tu ry tha t 
"Flora exsiccata Hungarica", a separate H u n g a r i a n exsiccate, was s tar ted as t he publ icat ion of 
the Botanica l Section of the Hungar ian N a t i o n a l Museum. The 10 " c e n t u r i a e " (1000 taxa) 
issued in 21 years (1912 - 1932) were a w o r t h y parallel to the above-ment ioned Aus t ro -Hunga r -
ian collection, and a t the same time served as a basis for J á v o r k a ' s "Flora Hungarica" then in 
the course of p repa ra t ion . 
All the four exsiccates (the two f r o m the Museum and t he two edited b y Degen) are 
of f u n d a m e n t a l impor tance . The carefully compiled collections, which are still usable today, 
were supplied wi th va luable labels (schedae), which in the ease of the Aus t ro -Hungar i an and 
H u n g a r i a n exsiccates were issued in a s e p a r a t e publ icat ion (covering near ly 2000 pages; 
K E R N E K F R I T S C H 1 8 8 1 1 9 1 3 , A N O N Y M O U S 1 9 1 2 — 3 2 ) . T h e c o l l e c t i o n s o f H u n g a r i a n g r a s s e s 
a n d sedges were not , u n f o r t u n a t e l y , t r ea t ed in the same way, a l though Degen's labels (schedae) 
also conta ined valuable da t a . 
Since the beginning of the 20th c e n t u r y some specific Hungar ian exsiccates have been 
publ ished, mostly on pr iva te ini t iat ive and owing to l imited f inancial means in a modest 
fo rm. Exsiccates of medicinal p lants ( B u t u j á s Gy., Kolozsvár, 1910; Augustin В. , Budapest , 
1929), a collection of the plants of meadows a n d pastures (Bigler J . , Budapest , 1937), and the val-
uable seed collections in glass ampoules of t he Budapes t Seed Test ing In s t i t u t e (Tordai Gy.: 
Gazdasági növények (F ield crops); Thaisz L. : Gazdasági g y o m m a g v a k (Seeds of weed plants 
in field crops), 1902; Gerhard G. — Zsák Z.: A m a g y a r búza gyommugva i (Weed seeds of Hun-
gar ian wheats) 1936, a n d A magyar lóhere és lucerna gyomiiiagvai (Weed seeds of Hungar ian 
clovers and lucerne) 1938) were intended for pract ical purposes. An exsiccate in 22 decorative 
ca rdboa rd boxes prepared b y J . Tuzson, A m a g y a r Alföld növényeinek g y ű j t e m é n y e (Collection 
of p lan t s f rom the Great Hungar i an Plain) . F lo ra exsiccata Plani t ie i Hungar icae ; 703 species, 
B u d a p e s t , 1929 1937) can be found in m a n y educational ins t i tu t ions even t o d a y . An abund-
ance of H u n g a r i a n p lan t mater ia l was con ta ined in Zahn 's "Hieraciotheca Europaea" (Wien, 
1906—1910), while J . Wagner ' s special Tilia publication (Tiliae exsiccatae criticae; Budapest , 
1929—1933, 5 fascicles) was an in te rna t iona l ly ou ts tand ing collection. 
As ment ioned above, the first s teps t o w a r d s the publ ica t ion of c ryp togamic plants were 
t a k e n in Sadler 's days . In the " A Magyar P l á n t á k . . . " ( H u n g a r i a n plants. . . ) 20 cryptogams 
(ferns and fungal diseases) are found. The Transy lvan ian mosses were publ ished, in a limited 
edi t ion , as early as 1871 1873 by . I . B a r t h (Die Laubmoose Siebenbürgens, Clausenburg; 100 
species). Half a cen tury a f te r Sadler the expe r t s were p resen ted with va luab le inycological 
ma te r i a l in the collection of Gy. L i n h a r t , a prominent phy topa tho log is t f r o m Magyaróvár 
(Magyarország gombái . Ungarns Pilze (Mushrooms of H u n g a r y ) , Magyaróvár , 1882 85; 5 
centur ia ) . More t han one- f i f th (847 species) of the 4000 i tems of the a fore-ment ioned Austro-
H u n g a r i a n exsiccate, and 338 of the 1000 species of the H u n g a r i a n exsiccate w ere cryptogamic 
[liants. The large c r y p t o g a m publicat ion (Kryptogamae exsiccatae) in which t he domest ic plant 
ma te r i a l of m a n y H u n g a r i a n collectors w as also presented un t i l 1916 (algae, pa thogen ic fungi , 
l ichens and mosses) was s t a r t ed in Wien in 1903, under the edi torship of A. Zah lbruckner , who 
was of Hunga r i an origin. 
It was in the early 20th century t h a t t h e parasitic f u n g i of Hungar ian cu l t iva ted plants 
(Posch К . : Fungi parasitici exsiccati plantarum cultarum Hungáriáé, Gr inád, 1902) and the 
H u n g a r i a n moss exsiccate (Győrffy I. P é t e r i i M.: Bryophyta Hungarica exsiccata, Kolozsvár, 
1915- 1918) were publ ished. As m a n y as t h r e e collections of l ichens were ed i ted in the 1930's 
(Kűfaragó-Gyeln ik V.: Lichenotheca, 1933—1937; and Lichenotheca parva, fasc . I — II , 1937; 
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Fóriss ¥.:Lichenes Biikkenses exsiccali. fasc. I I I . 1935 — 1939). A f t e r World W a r I I the Bo tan i -
cal Sect ion of the Museum of Na tu ra l Sciences cont inued a n d comple t ed the e d i t i o n of Licheno-
theea parva (fasc. I I I —V, 1969). and s t a r t e d t h e series of Lichenes Exsiccati (Verseghy К. , fasc . 
I I I , 1969). 
* 
P r e p a r e d at the B o t a n i c a l Garden of t h e Eötvös L o r á n d Un ive r s i t y , B u d a p e s t . 
Sz . PRISZTER 
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S U N F L O W E R A N D T H E P R O B L E M O F U N F I L L E D S E E D S U N D E R S U D A N C O N D I -
T I O N S 
T h e cur ren t l i t e r a t u r e oil the d i f f e r e n t aspects of e m p t y seeds in s u n f l o w e r is ve ry l imi ted . 
LUCIANO et al. (1965) a n d KHANNA (1970) r epor ted t h a t t h e e m p t y seeds f o u n d in a n u m b e r of 
s u n f l o w e r var ie t ies m i g h t be due to se l f - incompa t ib i l i ty , i ne f f i c i en t po l l ina t ion vec tors , insuf-
f i c i e n t n u t r i e n t s u p p l y of developing seeds a n d compe t i t i on a m o n g t he s u n f l o w e r p l an t s . 
Th i s s t u d y p r e s e n t s the r e su l t s of t h e f i rs t i n v e s t i g a t i o n , u n d e r S u d a n condi t ions , on 
t h e p r o b l e m of e m p t y seeds assoc ia ted w i t h sunf lower p r o d u c t i o n . 
A sunf lower v a r i e t y field t r i a l w a s conduc ted a t G .R .S . (G .R .S . = Gezira Resea rch 
S t a t i o n , W a d Medan i , S u d a n ) f r o m 1968/69 to 1970/71. T h e soil is h e a v y , d a r k cracking clay 
w i t h a p H of a b o u t 8.5 a n d a low n i t r o g e n s t a tus . T h e a v e r a g e a n n u a l r a in fa l l was 300 m m . 
T h e tr ial cons i s t ed of four va r i e t i e s : Armavi rec , A r r o w h e a d , M a n c h u r i a n a n d Peredovic . 
S o w i n g was c o n d u c t e d on 1/6 a t a s p a c i n g of 60 cm b e t w e e n r idges, 20 c m be tween holes a n d 
3 seeds per hole and t h e seedl ing were t h i n n e d to 1 p l an t pe r hole two weeks a f t e r p l an t ing . On 
t h e d a y of p l an t ing t h e seeds were t r e a t e d w i th Aldrex T a t 2.2 g per kg of seeds. T h e e x p e r i m e n t 
w a s i r r iga ted a t t w o - w e e k in te rva ls a n d w a s weeded twice . All t he o p e r a t i o n s f r o m sowing to 
h a r v e s t i n g were m a n u a l l y conduc t ed . T h e design of t h e e x p e r i m e n t w a s a r a n d o m i z e d block 
r e p l i c a t e d six t imes a n d t h e subplo t size w a s 12 m x 4 . 2 m . T h e p l a n t s in t h e cen t ra l row of each 
s u b p l o t were used fo r th i s i n v e s t i g a t i o n ; 50 p lan t s f r o m e a c h subp lo t were s u b j e c t e d to indi-
v i d u a l p l a n t s t u d y . 
The p lan t s of t h e r ema in ing m i d d l e fou r r idges were used for yield d e t e r m i n a t i o n and 
t h e s t u d y of o ther a g r o n o m i c cha rac t e r s . Samples for t he 1000-seed-w e igh t a n d hul l pe rcen tage 
were o b t a i n e d f r o m t h e seed yield of e a c h subp lo t , wi th f i v e d e t e r m i n a t i o n s per subplo t . F ive 
p l a n t s per subp lo t , se lec ted a t r a n d o m , were used for the d e t e r m i n a t i o n of t he weigh t of un -
f i l l ed seeds per h e a d a n d the d i a m e t e r of t he head . 
The d i ame te r of t h e head a n d t h e p l a n t he igh t were t a k e n on t h e d a y of ha rves t i ng . 
S t e m th ickness was m e a s u r e d wi th a v e r n i e r calliper 20 c m f r o m the r idge su r face on the d a y of 
h a r v e s t i n g . Leaf a rea w a s d e t e r m i n e d b y t h e p u n c h bore r m e t h o d (NUR 1971). Hul l pe rcen tage 
d e t e r m i n a t i o n was b a s e d on the seed c u t t e r (NUR 1969). 
T h e resul t s a c h i e v e d in th is i n v e s t i g a t i o n are based on t h e cor re la t ion coeff ic ien t s tud ies . 
Tab le 1 ind ica t e s t he posi t ive a n d v e r y highly s i g n i f i c a n t ( P -< 0.01) cor re la t ion coeff i-
c i en t (r) be tween t h e pe rcen t age of un f i l l ed seeds per h e a d a n d each of: d a y s to m a t u r i t y , p l a n t 
h e i g h t , s t em th i ckness , d i a m e t e r of t h e h e a d , leaf area pe r p l a n t a n d hul l p e r c e n t a g e of seeds 
o b t a i n e d f r o m the c e n t r e of the h e a d of sunf lower p l an t s . 
Table 1 
Coefficient of correlation (r-) values between the percentage 
of unfilled seeds and various other characters 
D a y s t o m a t u r i t y 
P l a n t he ight 
S t e m thickness 
D i a m e t e r of the h e a d 
Leaf a rea per p l a n t 
H u l l percentage of seeds obta ined f r o m t h e 
— 0.78** 
+ 0.80** 
+ 0.80** 
- t 0.87** 
+ 0.84** 
c e n t r e of the h e a d 0.83** 
* * T ' P < 0 . 0 1 
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Table 2 
Sunflower varietal differences 
V a r i e t y 
Seed yield, 
kg/ha 
1000-seed 
weigh t (g) 
Hull 
percentage 
Weigh t of 
unf i l led seeds 
per head (g) 
H e a d d iameter 
(em) 
A r m a v i r e c 262 52.2 26.3 1.8 8.4 
A r r o w h e a d 404 59.9 37.1 2.5 9.2 
P e r e d o v i c 354 55.8 29.4 2.1 8.9 
M a n c h u r i a n 476 74.2 46.8 3.5 10.7 
S . E . ± 1 5 . 8 3 ± 1 . 2 0 ± 0 . 9 6 ± 0 . 1 1 ± 0 . 1 6 
I t w a s observed t h a t t he la te m a t u r i n g p l an t s resul ted in t a l l e r p l a n t s , increased leaf 
a r e a , l a rge r heads and th i cke r s t ems . T h e s t a t u s of these cha rac t e r s m i g h t h a v e been a t t a i ned 
on a c c o u n t of the grea te r p e r c e n t a g e of un f i l l ed seeds as t he p l a n t s u sed t he ava i l ab le n u t r i e n t s 
for m o r e v e g e t a t i v e grow t h t h a n for seed d e v e l o p m e n t . Theore t i ca l ly , p l a n t s w i th t h i c k e r s tems 
h a v e t h e p o t e n t i a l i t y for more n u t r i e n t s u p p l y a n d increased t o t a l leaf a r ea , t h e r e b y resu l t ing 
in m o r e seed d e v e l o p m e n t . B u t t he r e s u l t s o b t a i n e d in th i s s t u d y a re c o n t r a r y to t h i s t heo ry . 
T h e f lo re t s of sun f lower do n o t open a t t h e same t ime a n d those t h a t open l a s t are ra re ly 
v i s i t ed in t i m e by t he bees. T h i s m i g h t be t h e reason for the case whe re p l a n t s h a v i n g larger 
h e a d s also h a d a g rea te r p e r c e n t a g e of un f i l l ed seeds. 
I t was not iced t h a t the unf i l l ed seeds were located in t he cen t r e of t he h e a d ; t h i s might 
be d u e to t he fac t t h a t t he f l o re t s f a r t h e s t f r o m the pe r iphe ry of t he h e a d are t h e l a s t t o open . 
A n d b e c a u s e of compe t i t ion for n u t r i e n t s u p p l y in t he head , t he f l o re t s t h a t are las t to open are 
lef t w i t h l i t t le n u t r i e n t s u p p l y , r e su l t i ng in less developed seeds, consis t ing m a i n l y of seed 
coa t a n d pe r i ca rp and no co ty l edon o i l -bear ing t issue. 
S u n f l o w e r seed usua l ly consis ts of hu l l a n d m e a t . The hull is c o m p o s e d of t h e seed coat 
a n d t h e p e r i c a r p , the m e a t is composed of t h e co ty l edon oi l -bear ing t i ssue . T h e h igh hul l con-
t e n t h a n d i c a p s the p r o d u c t i o n of s u n f l o w e r commerc ia l ly as it r educes t h e oil a n d p ro t e in con-
t e n t of t h e m e a t . 
T h e var ie t ies d i f fered s i g n i f i c a n t l y in e a c h of t he ag ronomic c h a r a c t e r s t e s t e d , as shown 
in T a b l e 2. 
T h e resul t s ob t a ined in th i s s t u d y could serve as a guide- l ine in b reed ing p r o g r a m m e s 
for n e w l ines and for ag ronomica l t r i a l s in s u n f l o w e r p r o d u c t i o n . 
* 
P r e p a r e d a t the Sc ien t i f ic a n d C u l t u r a l D e p a r t m e n t , O r g a n i z a t i o n of A f r i c a n U n i t y , 
Addis A b e b a . 
I . M. NUR 
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G E N E T I C D I V E R G E N C E I N C H I C K - P E A S ( C I C E R A R I E T I N U M L . ) 
Analys i s for gene t ic d ive rgence in pu l se crops is ava i l ab le in s tudies b y GUPTA—SINGH 
(1971) in m u n g b e a n , b y ASAWA ASAWA (1976) in red g ram, b y MALHOTRA— SINGH (1971) in 
b l ack g r a m and by MAHENDRITTA SINGH (1971) in cowpea. Of l a t e , cons iderable a t t e n t i o n 
has also been pa id to t h e s t u d y of d ivergence in segregat ing p o p u l a t i o n s (RAMANUJAM et al. 
1974 in m u n g b e a n ) . U n f o r t u n a t e l y , no such r e p o r t is avai lable f o r ch ick-peas , w h i c h is t h e most 
c o m m o n l y cu l t iva ted pu l se c rop . The s t u d y of genet ic d ive rgence in segregat ing popu l a t i ons 
he lps in measur ing gene t i c cha r ac t e r s a n d in loca t ing p o t e n t i a l p a r e n t s among a n u m b e r of 
u n i d e n t i f i e d genotypes , r e l eased t h r o u g h segrega t ion . As also e x p l o r e d by MILLER—RAWLINGS 
(1967), in tercross ing in e a r l y genera t ions can d i s s ipa te l inkage d i sequ i l i b r ium. I t w a s w i th this 
in v iew, t h a t a s tudy of g e n e t i c d ivergence w a s u n d e r t a k e n in o r d e r to collect i n f o r m a t i o n of 
th i s n a t u r e . 
T h e mate r ia l cons i s t ed of a 5 X 5 d ial le l se t (excluding rec ip roca l s ) , grown in 6 replica-
t ions of an R B D layou t in t h e F 2 . F r o m each p l o t , 10 p lan t s w e r e h a r v e s t e d and b u l k e d . Bulks 
w i t h a h igh yield were f u r t h e r bu lked wi th in e a c h cross. This m a t e r i a l was sown w i t h t h e p a r e n t s 
in t h e F 3 in 3 repl ica t ions of an R B D l a y o u t . D a t a were co l lec ted o n 10 r a n d o m p l a n t s for 11 
c h a r a c t e r s per plot a n d w e r e sub jec t ed to A g e n e t i c divergence s t u d y , as suggested b y MAHAL-
NOBIS (1936), following a h i g h l y s ignif icant v a l u e of X2 to s a t i s fy W i l k ' s A cr i ter ion. 
T a b l e 1 shows t he sa l i en t f ea tu re s of t h e var ie t ies , i n c o r p o r a t e d in the dial lel se t . I t is 
i m p o r t a n t to no te t h a t t h e s e var ie t ies were chosen for the i r seed charac te r i s t i c s a n d h a d uni-
f o r m m a t u r i t y . 
F igure 1 gives t he c o n f i g u r a t i o n of d i f f e r e n t clusters and t h e va r i e t i e s inc luded in d i f fe rent 
c lus te r s . All p a r e n t s a n d t h e i r crosses could be included in 6 d i f f e r e n t clusters. 
Clus te r I inc luded J G - 6 2 , J G - 6 x J G - 2 a n d J G - 6 x P i n k - 2 . P a r e n t J G - 6 w a s t he most 
d i v e r g e n t of all the g e n o t y p e s inc luded in t h i s s t u d y . JG-19 w a s closer to JG-62 X J G - 1 9 and 
J G - 6 2 x J G - 2 , while P i n k - 2 , J G - 6 2 x P i n k - 2 a n d JG-6 x J G - 1 9 w e r e toge ther in o n e cluster . 
T h u s , it will be seen t h a t n o t on ly were p a r e n t s in d i f fe rent c lus t e r s , b u t the i r h y b r i d de r iva t ives 
were also in d i f fe rent c lus t e r s . On ly t r ansg res s ive segregat ion cou ld b e held respons ib le for this 
b e h a v i o u r of the crosses. G r e a t va r i ab i l i t y , r e leased due to t he d i v e r g e n c e or iginal ly p r e s e n t in 
the p a r e n t s , followed b y se lec t ion , has r e su l t ed in d i f ferent ly c o n s t i t u t e d genet ic pools , qui te 
d i f f e r e n t t o the i r own a n c e s t o r s . The exper ience a t this s ta t ion (Col lege of Agr icu l tu re , J N K V V , 
J a b a l p u r , I N D I A ) has s h o w n t h a t w h e n e v e r a " d e s h i " g r a m or chick-pea is c rossed wi th a 
" k a b u l i " v a r i e t y , " g u l a b i " - o r p ink-co loured seed is observed a m o n g t h e progeny. A l t e r n a t i v e l y , 
t he or igin of p ink seeded va r i e t i e s could be c rossed in na tu re w i t h t h e p rese rva t ion of th i s type 
of p r o g e n y . I t can he seen t h a t c luster IV inc luded the pink s eeded p a r e n t , one cross involv ing 
Table 1 
Salient features of the varieties 
Varieties Sources Flower colour Seed colour Seed size 
JG-2 I A R I ge rm p l a s m Violet G r e e n M e d i u m 
J G - 6 I A R I ge rm p l a s m Violet B l a c k M e d i u m 
J G - 1 9 I A R I ge rm p l a s m White K a b u l i M e d i u m bold 
J G - 6 2 K h a r g o a n (Cen t ra l India) 
(double p o d d e d m u t a n t ) Violet B r o w n M e d i u m 
P ink -2 Uj ja in (Cen t r a l India) Whi te P i n k M e d i u m 
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t he cluster whi le those outs ide r e p r e s e n t d ivergence in re la t ion to o t h e r clusters.) 
Table 2 
Contribution of different characters to divergence 
(1) 
Characters 
(2) 
No. of t imes 
r a n k e d f i r s t 
in d ivergence 
e s t i m a t e d 
(3) 
% of al l 
D2 values in (2) 
1. S p r e a d (cm) 3 2.857 
2. H e i g h t (cm) 4 3.810 
3. P o d bear ing length ( c m ) 2 1.905 
4. P r i m a r y branches 0 0 . 0 0 0 
5. S e c o n d a r y branches 8 7.619 
6. No. of pods 10 9 .524 
7. No . of seeds 0 0 . 0 0 0 
8. Seed weight (g) 63 60.000 
9. D a y s to flowering 5 4.762 
10. D a y s to m a t u r i t y 0 0 . 0 0 0 
11. Yie ld (g) 10 9 .523 
105 100.000 
s u c h a p a r e n t , a n d o n e cross invo lv ing a " d e s h i " and a " k a b u l i " pa ren t . P r a c t i c a l l y every t y p e 
of segrega t ion was obse rved in the Fa, b u t there was no combina t ion of a g r e e n seed coat on 
" k a b u l i " t y p e seeds in t h e F3 . Thus , s e l ec t ion seems to h a v e resul ted in t h e e l imina t ion of poo r 
c o m b i n a t i o n s . T h u s l inkage be tween q u a l i t a t i v e and q u a n t i t a t i v e c h a r a c t e r s can lie p r o f i t a b l y 
u s e d to help se lec t ion in early g e n e r a t i o n s . 
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Table 3 
Mean values of clusters for different characters 
Charac ters 
Clusters Cluster cons t i tu t ion Spread 
(cm) 
Heigh t 
(cm) 
Pod 
bearing 
length 
P r i m a r y 
b ranch 
Secondary 
b ranches Pods /p lan t Seeds/plant 
Seed 
w t (g) Flowering Matu r i ty 
Yield 
(g) 
I JG-62 
JG-6 x JG-2 
JG-2 x JG-19 
4.433 5.601 1.829 3.404 2.728 8.078 0.117 55.003 32.007 0.108 6.870 
И 
J G - 6 
— — — — — 
— — — — 
— 
H I JG-19 
JG-62 x J G - 1 9 
JG-62 x JG-2 
1.148 14.069 2.417 1.610 5.293 1 ! . : i n 0.412 4.805 1.899 1.115 6.002 
I V JG-2 
JG-19 x P ink-2 
JG-2 x P ink-2 
1.724 0.583 0.057 5.287 10.590 1.270 0.617 55.132 25.935 0.235 12.150 
V Pink-2 
JG-62 x P ink-2 
JG-6 x J G - 1 9 
8.436 2.096 5.343 1.426 1.115 3.223 0.192 6.233 1.514 0.028 1.896 
V I JG-62 x J G - 6 
JG-6 x P ink-2 
0.121 0.004 0.178 4.219 3.583 0.048 0.040 12.936 12.397 0.329 2.812 
3 4 4 VARIA 
I t should be n o t e d t h a t while t h e p a r e n t s were chosen for va r i a t ion in seed charac te r -
i s t i cs , n o t in m a t u r i t y , t he analysis i n d i c a t e s t h a t a 6 0 % c o n t r i b u t i o n to g e n e t i c divergence 
o r i g i n a t e d f rom seed w e i g h t while m a t u r i t y m a d e no c o n t r i b u t i o n . W h e n select ion w a s done for 
y i e l d , i t could be cons ide red respons ib le fo r d i f fe rent crosses in d i f f e r en t c lus te r s , since the 
p a r e n t s h a d no se lect ional ef fec t . C lus t e r s IV and VI were m o r e d i s t a n t while c lus te r s I I I and 
V w e r e ve ry close. I t is i m p o r t a n t to n o t e t h a t while p a r e n t J G - 2 was in c lus te r IV, one of its 
d e r i v a t i v e s was in c lus t e r V I and a n o t h e r in I I I . T h u s , t he e f f ec t of one p a r e n t a lone m a y not 
h a v e he lped the p a r t i c u l a r cross to be p e r p e t u a t e d and on ly t hose g e n o t y p e s w h i c h were close 
to t h e o t h e r pa ren t cou ld e n t e r in to o n e pa r t i cu l a r c lus ter . 
T h e number of p o d s per p l a n t a n d t he yield came n e x t to seed we igh t in t h e i r abi l i ty 
to c a u s e divergence a m o n g t he g e n o t y p e s . I t should be n o t e d t h a t JG-62 is a doub le podded 
p a r e n t , while the " k a b u l i " var ie t ies a r e k n o w n for the i r poor y ie ld ing c a p a c i t y (ROHEWAL 
et al. 1966). I t was r e c o m m e n d e d t h a t t h e y ie ld ing c a p a c i t y of " d e s h i " v a r i e t i e s should be 
t r a n s f e r r e d in t e rms of t h e i r basal b r a n c h i n g p a t t e r n to t he " k a b u l i " g e n o t y p e s . NAZIR (1961) 
also exp lo r ed the poss ib i l i ty of t r a n s f e r r i n g t he double p o d d e d n e s s of C. arietinum to C. kabu-
licum f o r yield i m p r o v e m e n t . M a x i m u m divergence was obse rved in J G - 2 a n d J G - 6 2 x J G - 6 , 
wh i l e m i n i m u m d ive rgence was obse rved for JG-62 x P i n k - 2 a n d J G - 6 x J G - 1 9 . Whi l e Pink-2 
h a s a " k a b u l i " b a c k g r o u n d , JG-19 is a " k a b u l i " va r i e ty . T h u s , it is possible to t r a n s f e r charac-
t e r s in t hese genotypes fo r improv ing t h e i r genet ic w o r t h . 
M a x i m u m d ive rgence in t e r m s of c h a r a c t e r was f o u n d be tween c lus te rs IV a n d V for 
y i e ld , a n d crossing t h e m t o g e t h e r can h e l p in explo i t ing h y b r i d v igour . ASAWA—ASAVVA (1976) 
f o u n d suf f ic ien t genet ic d ivergence in se lec ted popu la t ions of r ed g r a m a n d were able to corre-
l a t e i t w i t h the h y b r i d v igou r r epo r t ed b y SHARMA et al. (1973). Most of t he c o n t r i b u t i o n to 
d i v e r g e n c e was t h r o u g h he igh t and p a r e n t s d ivergent on t h i s c h a r a c t e r d id exp re s s hybr id 
v i g o u r f o r this c h a r a c t e r in an i n d e p e n d e n t s t u d y conduc t ed b y SHARMA et al. (1973). 
A c k n o w l e d g e m e n t 
T h e senior a u t h o r is t h a n k f u l to D r . A. S. Tiwar i for his help in c o n d u c t i n g t he experi-
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for d a t a processing. 
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P r e p a r e d at the I n d i a n I n s t i t u t e of M a n a g e m e n t , A h e m d a b a d 
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P R I N C I P L E S A N D P O S S I B I L I T I E S O F E V A L U A T I N G D A I R Y C A T T L E 
P O P U L A T I O N S 
The t y p e of c a t t l e which shou ld be bred has a l w a y s been, a n d in all p robab i l i t y will 
c o n t i n u e to be, a m u c h deba t ed s u b j e c t . In propor t ion t o t h e rapid i m p r o v e m e n t of t e chn i ca l 
cond i t ions and t he inc reas ing p r e v a l e n c e of large-scale p r o d u c t i o n p a t t e r n s a t t e n t i o n is t u r n e d 
m o r e and more t o w a r d s specialized p r o d u c i n g types w h i c h , in t u r n , are e x p e c t e d to s p r e a d a t 
a n ever fas te r r a t e . N a t u r a l l y , th is does n o t mean t h a t t h e t r e n d of b r eed ing a ims will eve r be 
u n i f o r m all over t h e w o r l d . It wou ld n o t even be r e a s o n a b l e to t ry to a t t a i n th is t a rge t , s ince 
u n d e r d i f fe ren t c o n d i t i o n s d i f fe rent t y p e s are requi red t o o b t a i n the o p t i m u m economic r e s u l t , 
w h i c h m a y be f u n d a m e n t a l l y in f luenced b y the f a r m i n g , t e chn ica l , economic , etc . condi t ions of 
t h e given c o u n t r y o r reg ional un i t . I n a n y case " a n o r g a n i s m is needed , w h i c h besides c o n v e r t -
ing f o d d e r in to m i l k , b u t t e r , beef , e t c . a t the h ighes t e f f i c iency , r equ i r e s t he least poss ib le 
h u m a n labour a n d c a n be a d a p t e d t o u p - t o - d a t e c o n d i t i o n s of h u s b a n d r y a n d m e c h a n i z a t i o n " 
(HORN 1962). We feel t h a t breeders w h o keep this bas ic p r inc ip le in m i n d in t h e course of t h e i r 
w o r k , are h a r d l y l i ke ly to commit se r ious errors. 
Looking a t t h e ques t ion f r o m th i s point of v i e w , t h e d a t a f r o m h e r d books a n d mi lk 
record ing , which a r e ind ispensable in h igh level l ives tock f a r m i n g , are on ly sui table for e s t a b -
l ishing the e f fec t ive v a l u e of a p o p u l a t i o n wi th c e r t a i n r e se rva t ions . N a m e l y , the p r o d u c t i o n 
d a t a h a r d l y give e n o u g h in fo rma t ion a b o u t the ac tua l e f f i c i ency , e.g. t h e q u a n t i t y of a n i m a l 
p r o d u c t s p roduced p e r u n i t of n u t r i e n t consumed. B r e e d s , t y p e s and p o p u l a t i o n s can on ly be 
re l i ab ly compared b y m e a n s of an i n t e g r a t e d eva lua t ion of t h e s tock. Th i s m e a n s t h a t t he a c t u a l 
v a l u e of the d i f f e r e n t an imal p o p u l a t i o n s depends on t h e ques t ion : w h i c h t y p e p roduces t h e 
l a rges t q u a n t i t y a n d h ighes t qua l i t y of p roduc t s su i t ab l e f o r h u m a n c o n s u m p t i o n , t a k i n g i n t o 
cons idera t ion cow h u s b a n d r y , calf p r o d u c t i o n , heifer r a i s i n g and f a t t e n i n g . Besides t he u s u a l 
m i lk recording d a t a , a correct a n s w e r to this ques t ion c a n only be g iven a f t e r assessing t h e 
a c t u a l feed c o n s u m p t i o n of the cows, as well as the n u t r i e n t r e q u i r e m e n t s fo r heifer ra i s ing a n d 
a n i m a l f a t t en ing . 
The m e t h o d of ca lcula t ion is p r e s e n t e d here u s i n g as models t h r e e popu l a t i ons c h a r a c -
te r i zed by d i f fe ren t s t a n d a r d f ea tu re s . I n t he model c a l c u l a t i o n losses d u r i n g rais ing, wh ich a re 
decis ively in f luenced b y t h e e n v i r o n m e n t , were not t a k e n in to cons ide ra t ion . Table 1 c o n t a i n s 
t he annua l o u t p u t of 100 cows a n d t h e s ta rch e q u i v a l e n t r equ i red , as well as the ca l cu l a t ed 
q u a n t i t y of b u t t e r f a t + milk p ro te in a n d the live we igh t of s laughter c a t t l e p roduced f r o m t h e 
s a m e s tarch e q u i v a l e n t . 
Table 2 c o n t a i n s t he 15 p a r a m e t e r s to be d e t e r m i n e d e x p e r i m e n t a l l y , toge ther w i t h 
o t h e r f u n d a m e n t a l d a t a used for t h e calcula t ions . 
The model ca l cu l a t i ons c lear ly show how d i f f e r e n t t h e ef f ic iency of p roduc t ion in t h e 
ind iv idua l types c a n be . 
If there is no poss ib i l i ty of d e t e r m i n i n g the f eed convers ion e x p e r i m e n t a l l y , t h e i n d e x 
n u m b e r used to d e t e r m i n e the e f f i c i ency of milk p r o d u c t i o n in the p o p u l a t i o n s should t a k e i n t o 
cons idera t ion no t o n l y t he absolu te mi lk product ion ( b e s t expressed in k g b u t t e r f a t 4 m i l k 
p r o t e i n ) bu t also t h e mi lk p roduc t i on re la t ive to live w e i g h t , w i th a 5 0 % weight ing . A c c o r d i n g 
to t he re levant l i t e r a r y d a t a , the mi lk p roduc t ion r e l a t i v e t o live we igh t is t he mos t re l iab le 
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Table 3 
The production of 100 coics und their offspring and the necessary starch equivalent 
Model Produc t ion kg Necessary s ta rch equiv kg 
I I I H I 
Model Model 
I I I H I 1 I I H I 
100 100 100 Milk f a t p ro te in p roduc t i on 24.000 36.000 41.000 315.000 280.000 250.000 
85 90 95 P r e p a r a t i o n fo r l ac ta t ion — — — 78.795 68.040 51.300 
20 20 20 Weigh t increase of cow — — — 4.000 4.000 4.000 
20 20 20 Rais ing of heifer — — — 50.480 47.000 43.360 
42 45 48 Live weight p roduc t ion of bulls 
( f a t t ened) 21.840 21.600 21.120 78.624 80.100 80.688 
23 25 27 Live weight p roduc t ion of heifers 
( f a t t ened) 8.970 9.000 7.810 35.121 37.125 38.718 
To ta l l ive weight p roduc t i on of 
y o u n g an imals 30.810 30.600 28.930 
20 20 20 Weight of culled cows 11.700 10.800 10.000 — — — 
Whole s laughte r weight p roduc-
t ion 42.510 41.400 38.900 
To ta l s t a r c h equiv . r e q u i r e m e n t 562.020 516.26 468.066 
Poss ible p r o d u c t i o n of milk f a t + p ro t e in a n d s l a u g h t e r we igh t f r o m 100,000 kg s t r a c h e q u i v . 
Model 
I 
И 
I I I 
% 
Cows to be k e p t , No. 17.8 100 19.4 109.0 21.4 120.2 
Possible prod, of mi lk - fa t -f- pro te in , kg 4.270 100 6.973 163.3 8.759 205.1 
Possible prod, of young an imals weight , kg 5.482 100 5.927 108.1 6.181 112.8 
W e i g h t of culled cows 2.082 100 2.092 100.5 2.136 102.6 
Weigh t of all an imals for s laughter 7.564 100 8.019 106.0 8.317 110.0 
V A R I A 3 4 7 
Table 2 
Basic data 
I 
Model 
I I i n 
Experimental data : 
1. B i r t h weight : heifers, k g 35 30 25 
bul ls , k g 40 35 30 
2. W e i g h t a t f i rs t ca lv ing , k g 550 500 450 
3. F e e d requi red for 1 k g weight increase un t i l 
f i r s t calving (starch equ iva len t ) , kg 4.9 5.0 5.1 
4. W e i g h t of mature cow, k g 650 600 550 
5. Calves born to 100 c o w s f r o m firs t r e co rd ing 
to t h e end of the y e a r , No . 65 70 75 
6. Y e a r l y av . FCM milk p r o d , per cow, k g 3500 4000 5000 
7. A v e r a g e milk f a t , % 3.8 5.0 4.5 
8. A v e r a g e milk pro te in , ° ( ) 3.2 4.0 3.7 
9. Milk f a t , kg 133 200 225 
10. Milk pro te in , kg 112 160 185 
11. Milk f a t + protein, k g 245 360 410 
12. S t . eq . for one kg mi lk + ma in tenance , k g 0.9 0.7 0.5 
13. S t . eq . used for one k g hul l weight f r o m b i r t h 
to s laughter ing , kg 3.9 4.0 4.1 
14. S t . eq . used for one k g f a t t e n e d heifer we igh t 
f r o m b i r t h to s l augh te r ing , kg 4.3 4.5 4.7 
15. Cows t o be replaced b y heifers. No. 20 20 20 
Assumed data: 
16. D u r a t i o n of dry pe r iod , d a y 60 60 60 
17. P r e p a r a t i o n of cows f o r lacta t ion, k g 18 18 18 
18. S t . eq. for one kg g r o w t h ra te of cow ( w i t h o u t 
ma in t enance ) , kg 2 2 2 
19. O p t i m a l end weight of f a t t e n e d bulls ( 8 0 % of 
m a t u r e weight of cow) , k g 520 480 440 
20. O p t i m a l end weight of f a t t ened hei fers (60° „ 
of m a t u r e weight of cow) , kg 390 360 330 
21. W e i g h t of culled cow ( 9 0 % of m a t u r e cow 
weigh t ) , kg 585 540 500 
Calculated from previous data: 
22. No . of calves born f r o m 100 cows p e r y e a r 85 90 95 
23. No . of bulls which c a n be fa t tened f r o m 100 
cows 42 45 48 
24. No . of heifers which c a n be fa t t ened f r o m 100 
cows 23 25 27 
25. S t . eq. necess. to p r e p a r e for lact . , k g 972 756 540 
26. S t . eq. necess. for t h e g rowth of one m a t u r e 
cow, k g 200 200 200 
27. S t . eq . necess. to ra i se o n e heifer f r o m b i r t h to 
ca lv ing , kg 2524 2350 2168 
28. S t . eq . to f a t t en a bu l l f rom b i r t h t o end 
w e i g h t , kg 1872 1780 1681 
29. S t . eq . to f a t t en a h e i f e r f rom b i r t h to end 
we igh t , kg 1527 1485 1434 
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Table 3 
Evaluation of populations according to the efficiency index for milk production 
S t a n d a r d 
p o p u l a t i o n 
I . mode l 
popu la t ion 
I I . model 
population 
Milk p roduc t ion u p to t h e end of the 5 t h y e a r , kg 15,000 12,000 9,000 
Ave rage milk f a t , % 4.0 5.0 3.8 
Average milk protein, % 3.4 4 .0 3.2 
Milk p roduc t ion for one y e a r of life, k g 3 ,000 2,400 1,800 
Milk f a t product ion for one year of l i fe, k g 120 120 68 
Milk p ro te in p roduc t ion for one year of l i fe, kg 102 96 58 
Milk f a t + protein p r o d u c t i o n for o n e y e a r of 
life, kg 222 216 126 
Ave rage live weight (measured a f t e r e a c h calv-
i n g k k g 500 550 600 
Milk f a t -j- protein p r o d u c t i o n for one y e a r of life 
per 100 kg live weight , k g 44 39 21 
E f f i c i ency index for mi lk product ion ,* % 100.0 91.0 52.2 
' F a t -f- protein p r o d u c t i o n kg for 
e f f ic iency index p a t p r o t e i n p r o d u c t i o n kg for o n e year of life p e r 100 kg live 
fo r milk produc-
 o n e y e a r o f j i fe " we igh t 
tion = lOOx -
F a t a n d protein p r o d u c t i o n kg for F a t and protein p r o d u c t i o n kg for 
one y e a r of life in t h e s t anda rd o n e year of life p e r 100 kg live 
popula t ion we igh t in the s t a n d a r d populat ion 
i ndex of feed convers ion in mi lk p r o d u c t i o n (SUCHANEK 1963, DOHY 1970, DOHY—LUDROVSZKY 
1 9 6 5 , ERNST et al. 1 9 7 3 , — MILLER— HOOVEN 1971, NAITO—TAKAHASHI et al. 1974, e t c . ) . 
On th is basis we h a v e worked o u t a n "ef f ic iency i n d e x of milk p r o d u c t i o n " (HORN 
1966) w h i c h t akes in to cons idera t ion t he a b s o l u t e p roduc t ion a n d t h a t re la t ive t o t h e live weight 
on a I : 1 ra t io , and expresses t h e m w i t h re fe rence to a m o d e l cow or model p o p u l a t i o n . This 
s y s t e m , wh ich considers b o t h the a b s o l u t e p roduc t ion a n d t h e efficiency of p r o d u c t i o n , can 
also be used for the e v a l u a t i o n of p o p u l a t i o n s . The course of t h e calculat ion on mode l popula-
t ions is shown in Tab l e 3. 
F o r t he cows be long ing to this p o p u l a t i o n the p r o d u c t i o n results a t t a i n e d un t i l the las t 
d a y of t he f i f t h yea r of life were cons idered a n d were d i s t r i b u t e d over one y e a r . T h i s system has 
t he a d v a n t a g e of giving e q u a l weight t o t h e absolute p r o d u c t i o n and t h a t r e l a t i v e to the live 
w e i g h t , and also to ea r ly sexua l m a t u r i t y a n d rep roduc t ive proper t ies . The m e t h o d suggested 
u n d o u b t e d l y has the de f i c i ency of l eav ing o u t of cons idera t ion t he p r o d u c t i o n a n d proport ion 
of a n i m a l s culled before t h e f i f t h yea r of l i fe . F u r t h e r i nves t i ga t i ons and c a l c u l a t i o n s are re-
q u i r e d to f i nd ou t how t h e effect of t h e d i f f e r e n t ratios of cul l ing before t h e f i f t h year can be 
p r o p e r l y expressed in t h e eva lua t ion of t h e popu la t ions . I t m i g h t seem to he r e a s o n a b l e to carry 
o u t t h e ca lcula t ions b y t h e same m e t h o d o n t h e basis of t he a m o u n t of milk p r o d u c e d unti l the 
d a y of cull ing. H o w e v e r , in t h a t case g r e a t e r emphas is w o u l d be laid on t h e p e r i o d of raising 
y o u n g an ima l s t h a n w o u l d be jus t i f ied b y i t s ac tual e c o n o m i c value. 
* 
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E F F E C T S O F P O P U L A T I O N D E N S I T I E S A N D ROW S P A C I N G S ON K E N A F Y I E L D S 
A N D ITS C O M P O N E N T S I N T H E K E N A N A A R E A O F T H E S U D A N 
K e n a f (Hibiscus cannabinus L . ) is a n i m p o r t a n t cordage c r o p in m a n y pa r t s of t h e world. 
T h e b a s t f ib res are used fo r t he m a n u f a c t u r e of tw ine , rope, b a g g i n g , rugs and o t h e r p roduc t s . 
A g r e a t e r n u m b e r of p l a n t s pe r u n i t area h a s b e e n t he means of inc reas ing yields of d r y m a t t e r 
(MASSEY 1974). 
I n Georgia, N o r t h Carol ina and T e x a s (WHITE et al. 1970), n a r r o w rows p r o d u c e d higher 
k e n a f y ie lds t h a n wide rows. WILLIAMS (1966) r e p o r t e d t h a t t h e h i g h e s t s tem y ie lds were ob-
t a i n e d f r o m na r row rows . KILLINGER (1965) r e p o r t e d higher y i e lds in 0.97 m t h a n in 0.48 m 
rows a n d f o u n d t h a t r o w w i d t h did n o t m a t e r i a l l y a f fec t s tein y i e ld . 
CRANE et al. (1946) in Cuba ob t a ined 3077, 2371 and 1866 k g of f ibre per h a f r o m p lan ts 
g r o w n in 0.2, 0.4 a n d 0.6 m rows , respec t ive ly . T h e average n u m b e r of p l an t s per s q u a r e metre 
were 100.0, 49.5 a n d 33.3, respec t ive ly . 
Severa l workers (HIGGINS—WHITE 1970, WHITELEY 1971, WILLIAMS 1966, WILSON 
et al. 1965 a n d WILSON— JOYNER 1969) r e p o r t e d t h a t increas ing t h e kenaf p l a n t p o p u l a t i o n 
caused a r educ t ion in t h e p l a n t he ight a n d s t e m d iamete r . WILSON—JOYNER (1969) found 
t h a t p l a n t spacing h a d no e f f ec t on p l a n t h e i g h t . 
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T h e objective of t he current r e sea rch was to eva lua te the effects of row wid th and p lan t 
p o p u l a t i o n and thei r interact ion on k e n a f dry ribbon yield and other p l a n t characterist ics. 
T h e resu l t s reported in th i s paper cover t h r e e crop seasons, i.e. 1966, 1967 a n d 1968. 
Fo r this e x p e r i m e n t a 4 repl icated split-plot design was used. Three row spacings, i.e. 
0.2, 0.3 and 0.4 m, r ep resen ted the m a i n p lo ts , and the t h r e e p lant popula t ions , i.e. 1,000,000, 
500,000 and 250,000 p l a n t per ha occupied the subplots. A n a t t empt was m a d e to establish 
these populat ions b y accura t e thinning t o t h e appropria te spacing within t h e row, as shown in 
Tab le 1. All t r e a t m e n t s received p resowing watering a n d were irrigated immediate ly a f te r 
sowing. F rom then o n w a r d s , watering con t inued fo r tn igh t ly except when t he r e was adequate 
ra infa l l . 
In each year of t h e tests the e x p e r i m e n t was sown on 15th May. E a c h t r ea tment was 
h a r v e s t e d when an a v e r a g e of about 10 f lowers per p lan t were in bloom. T h e stems were cut 
near ground level a n d t ied into bundles . Af te r recording t he total fresh weight , the leaves, 
f lower buds and f lowers were removed to obtain the green stalk yield. These two operat ions 
were carried out immed ia t e ly after c u t t i n g the stems. A h a n d fed decort icator was then used to 
s e p a r a t e the bark f r o m t h e wood and t o give the green r ibbons . The fresh r ibbon yields f rom the 
p lo ts were dried in t h e s u n for nearly a m o n t h and weighed for dry r ibbon yield. 
A representat ive sample of 10 p l a n t s was taken a t r a n d o m from each exper imenta l plot 
for t h e determinat ion of height, stem d i a m e t e r 30 cm above the soil surface, d ry ribbon yield 
per p l a n t and r ibbon percentage in t h e s t e m . 
The plant s t a n d percentage is t h e ac tua l plant popu la t i on at harves t as a percentage of 
the in tended plant popula t ion . 
The levels of significance for t h e components of va r i a t ion (spacings, populat ions a n d 
spacings Xpopulat ions) for individual y e a r s and their averages are shown in Table 2. Popula-
t ions were an i m p o r t a n t cause of d i f fe rences in dry r i b b o n yield per ha or per plant , to ta l 
f r e sh yield, plant h e i g h t and stem d i a m e t e r , either in all yea r s of the tes t or in some of t h e m 
a n d also in the 3-year average; spacings were usually n o t impor tan t . 
T h e effects of d i f f e ren t spacings a n d populations t e n d e d to be i ndependen t of each o ther 
for all t r a i t s except p l a n t s tand pe rcen tage , as indicated b y the preponderance of non-signifi-
c a n t F-values ob ta ined for the in te rac t ion of spacings X popula t ions . 
T h e plant s t a n d percentage, s h o w n in Table 3, consis tent ly increased wi th decreasing 
p l a n t populat ion. P l a n t s t and percentage decreased progressively from P :] to P , . The differences 
were significant (P = 0.05) only in the 1968 season and over the average of t he three years of 
t e s t s . A greater pe r cen t age of planted seeds produced p l a n t s as the rows na r rowed and also as 
the popula t ion decreased . This was p r o b a b l y due to i n t r a r o w competi t ion. In narrow rows 
(0.2 a n d 0.3 m spacings) and with high popula t ions (P , ) t h e actual p lant s t a n d percentages a t 
h a r v e s t , during the y e a r s , were generally smaller than those expected. This could have resulted 
Table 1 
W ith in-row spacings (m) used to obtain the desired 
plant population per ha 
Population R o w spacing ( Ш) 
Code P l a n t s / h a 0.20 0.30 0.40 
P i 1,000,000 0.05 0.03 0.02 
P 2 500,000 0.10 0.07 0.05 
P 3 250,000 0.20 0.13 0.10 
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Table 2 
Significance of F-values from analysis of variance 
of kenaf row spacing — population trial 
Component of variation 
Year Spacing; Population Spacing X populat ion 
Plant stand % 
1966 * * * * 
1967 N . S . * * N.S. 
1968 * * * * * * 
3 - y e a r average * * * * * * 
Plant height (m) 
1966 * * N.S. N.S . 
1967 N . S . • N.S. 
1968 N . S . N.S. N .S . 
3 - y e a r average N . S . * * N.S. 
Stem diameter (Vm) 
1966 N . S . * * N.S . 
1967 N . S . * * N.S . 
1968 N . S . * * N.S . 
3 - y e a r average N . S . * * N.S . 
Total fresh yield (kg/ha) 
1966 N . S . * N . S . 
1967 N . S . N.S. N . S . 
1968 N . S . N.S. N .S . 
3 - y e a r average N . S . * N . S . 
Dry ribbon yield per plant (g) 
1966 * * * N.S . 
1967 N .S . * * N.S. 
1968 N . S . * * N.S . 
3 - y e a r average N . S . * * N.S. 
Dry ribbon yield (kg/ha) 
1966 N . S . N .S . 
1967 N . S . N.S. N .S . 
1968 N . S . * N.S . 
3 - y e a r average N .S . N.S. N . S . 
N.S. N o t s ignif icant . * S ign i f i can t a t t h e 5 % level. ** S ign i f ican t a t t h e 1 % level. 
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Table 3 
Influence of plant population and row width on the plant stand 
percentage at harvest time* 
Row width 
Population 
Year 
Mean (m) 
1966 1967 1968 
0.20 P . 81.8 b 75.9 a 82.0 с 80.2 с 
P 2 99.9 a 92.6 a 100.0 a 97.5 ab 
P 3 100.0 a 100.0 a 100.0 a 100.0 a 
0.30 P, 80.5 b 56.4 a 85.0 с 74.0 с 
P-> 100.0 a 91.2 a 98.4 ab 96.5 ab 
P 3 100.0 a 100.0 a 100.0 a 100.0 a 
0.40 P i 61.4 с 55.4 a 54.6 d 57.1 d 
P 2 95.8 a 85.2 a 91.9 ab 91.0 b 
P 3 100.0 a 100.0 a 95.0 ab 98.3 a 
( ± 3 . 3 9 ) (±4 .40) (±2 .29) ( ± 2 . 1 4 ) 
0.20 93.9 a 89.5 a 94.0 a 92.5 a 
0.30 93.5 a 82.5 a 94.5 a 90.2 a 
0.40 85.7 a 80.2 a 80.5 b 82.1 b 
( ± 2 . 2 8 ) (±4 .58) (1.97) ( ± 1 . 8 4 ) 
Pi 74.6 b 62.6 с 73.9 b 70.4 b 
P 2 98.6 a 89.7 b 96.8 a 95.0 a 
P 3 100.0 a 100.0 a 98.3 a 99.4 a 
( ± 2 . 2 6 ) (±2 .94) (±1 .53) ( ± 1 . 4 3 ) 
* Numbers followed by the same let ter in a given column are not significantly dif-
f e ren t at the 0.05 level according to Duncan ' s multiple range test 
f r o m greater dis turbance to the p lants at thinning, infestation of damping-off disease immedi-
a te ly after emergence or heat canker occurring after th inning. 
Due to the non-significance of the interaction for all characters studied with the excep-
t ion of plant s tand percentage, the average data for each of the population and spacing t reat-
m e n t s are shown in Tables 4 and 5. respectively. 
There was a general consistent t rend for the stem diameter , plant he igh t , dry ribbon 
yield per plant and to ta l fresh yield per ha to decrease as the population increased in each year 
of the test and over the average of the years (Table 4). 
According to the 1967 season tr ial and the 3-year average analysis, the plants of the 
P 3 population had the tallest height and were not significantly different f rom those of the P„ 
populat ion, but they significantly ( P = 0.05) exceeded those of the P, populat ion by more 
t h a n 0.13 m (Table 4b). The plant height difference between P , and P2 was no t significant. 
From the analysis of the 1966 season and from the 3-year average for t he total fresh 
yield per ha, the yields f rom P 3 and P2 were nearly the same and significantly (P = 0.05) 
out-yielded those obta ined f rom P j (Table 4c). 
Population effects on the dry yield per ha (Table 4d) were significant ( P = 0.05) in the 
1966 and 1968 seasons. In 1966, the dry ribbon yield tended to increase progressively with 
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Table 4 
Effect of plant population on kenaf dry ribbon yield 
and some other plant characteristics* 
P l a n t 
populat ion 
Year 
Mean 
1966 1967 1968 
a : Stem diameter ( m m ) 
P i 9.8 h 8.5 b 10.0 b 9.4 с 
P 2 10.7 a b 9.5 ab 10.6 b 10.2 b 
P 3 11.4 a 10.1 a 11.7 a 11.0 a 
( ± 0 . 3 2 ) ( ± 0 . 3 5 ) ( ± 0 . 3 2 ) ( ± 0 . 1 3 ) 
b : Stem height ( m ) 
P i 2.42 a 2.44 h 2.48 a 2.45 h 
P 2 2.47 a 2.59 al) 2.46 a 2.50 a b 
p., 2.56 a 2.61 a 2.56 a 2 .58 a 
( ± 0 . 0 5 ) ( ± 0 . 0 5 ) ( ± 0 . 0 5 ) ( ± 0 . 0 4 ) 
c: Total fresh yield ( k g / h a ) 
P i 41674 b 50028 a 47005 a 46362 b 
p 2 48290 a b 50789 a 52455 a 50504 a b 
P ; ! 52931 a 52336 a 49337 a 51527 a 
( ± 2 5 4 6 ) ( ± 1 3 4 2 ) ( ± 2 8 3 2 ) ( ± 1 6 6 2 ) 
d: Dry ribbon yield ( k g / h a ) 
P i 4227 b 5574 a 4510 b 4770 a 
p 2 4891 a b 5443 a 5112 a 5149 a 
p 3 5195 a 5374 a 4629 b 5066 a 
( ± 2 2 4 ) ( ± 1 3 8 ) ( ± 1 4 5 ) ( ± 8 3 ) 
e: Dry ibbon yield per plant (g) 
P i 6.01 b 9.68 с 6.48 с 7 .03 с 
p 2 9.91 a b 12.38 h 10.70 b 10.85 h 
p 3 18.76 a 21.08 a 17.90 a 18.93 a 
( ± 0 . 7 5 ) ( ± 0 . 7 5 ) ( ± 0 . 5 3 ) ( ± 0 . 3 4 ) 
* N u m b e r s f o l l o w e d by t he s a m e le t te r in a g i v e n column are n o t s ignif icant ly d i f -
f e r e n t a t t he 0.05 l eve l according t o D u n c a n ' s m u l t i p l e r a n g e test 
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T a b l e 5 
Effect of row width on henaf dry ribbon yield 
and some other plant characteristics* 
Row width Yea r 
(m) 
1966 1967 1968 
a: Stem diameter (mm) 
0.20 10.7 a 9.6 a 10.6 a 10.3 a 
0.30 10.2 a 9 .3 a 10.9 a 10.3 a 
0.40 10.9 a 9.2 a 10.8 a 10.2 a 
( ± 0 . 2 8 ) ( ± 0 . 3 5 ) ( ± 0 . 4 6 ) ( ± 0 . 2 9 ) 
b Stem height (m) 
0.20 2.52 a 2 .64 a 2.52 a 2.57 a 
0.30 2.39 b. 2 .52 a 2.48 a 2.47 a 
0.40 2.55 a 2 .48 a 2.50 a 2.51 a 
( ± 0 . 0 2 ) ( ± 0 . 0 5 ) ( ± 0 . 0 2 ) ( ± 0 . 0 3 ) 
c: Total fresh yield (kg/ha) 
0.20 46648 a 50337 a 47291 a 48092 a 
0.30 42792 a 50337 a 45958 a 46362 a 
0.40 53431 a 52479 a 55525 a 53812 a 
( ± 3 2 8 4 ) ( ± 1 0 6 4 ) ( ± 5 6 4 1 ) ( ± 2 5 9 4 ) 
d: Dry ribbon yield (kg/ha) 
0.20 4731 a 5498 a 4543 a 5224 a 
0.30 4486 a 5379 a 4529 a 4798 a 
0.40 5129 a 5514 a 5093 a 5245 a 
( ± 1 5 6 ) ( ± 1 2 4 ) ( ± 1 5 0 ) ( ± 2 9 ) 
e: Dry ribbon yield per plant (g) 
0.20 10.52 b 13.85 a 10.24 a 11.31 a 
0.30 10.86 ab 14.12 a 10.61 a 11.62 a 
0.40 13.37 a 15.17 a 14.23 a 13.88 a 
( ± 0 . 7 9 ) ( ± 1 . 1 3 ) ( ± 1 . 1 4 ) ( ± 0 . 7 4 ) 
* N u m b e r s followed b y t h e saine l e t t e r in a given c o l u m n are not s i g n i f i c a n t l y dif-
fe ren t a t t h e 0.05 level a c c o r d i n g to D u n c a n ' s m u l t i p l e range t e s t 
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decreas ing p l a n t p o p u l a t i o n . In 1968, t h e h ighes t yield w a s g iven by the i n t e r m e d i a t e popu la -
t i o n (P„) wh ich s ign i f i can t ly ( P = 0.05) ou t -y ie lded b o t h P L a n d P 3 . No r e l a t i o n s h i p of popu la -
t ion to d r y r i b b o n yield was observed in 1967, b u t w i th inc reased p o p u l a t i o n t h e increases in 
d r y r i b b o n yield were of low m a g n i t u d e . F r o m the ave rage of 3 years , it w a s no t i ced t h a t d i f -
f e rences a m o n g t h e t h r e e popu la t ions were no t s i gn i f i c an t , b u t bo th P 2 a n d P 3 ou t -y ie lded 
P i b y 7 % . 
An increase in p l a n t dens i ty dec r ea sed t he s tem d i a m e t e r in all y e a r s (Tab le 4a). T h u s 
l a rge r s t ems c o m p e n s a t e d for the lower n u m b e r of p l a n t s p e r u n i t area a n d genera l ly r esu l t ed 
in s imi lar yields for t h e densi t ies t e s t e d . T h i s was c o n f i r m e d by MASSEY (1973) in Georgia . 
Accord ing to e a c h a n n u a l tes t a n d t h e average of y e a r s , the d i f f e r ences in d ry r i b b o n 
yield pe r ha be tween t he th ree d i f f e ren t r o w spacings were n o t s igni f icant . B u t in general t h e 
0.4 m row spac ing gave a n increase in y ie ld of low m a g n i t u d e compared to t h o s e ob ta ined f r o m 
0.3 a n d 0.2 m row spac ings . Also, t he y ie lds of the 0.3 m r o w spacing were a l w a y s lower t h a n 
t hose of t h e 0.2 m r o w spac ing in all y e a r s of the t es t . 
T h e d i f fe rences in s t e m d i a m e t e r a n d to t a l f resh y ie ld a m o n g t h e r o w spac ings were n o t 
s ign i f i can t in any of t he yea r s or over t h e ave rage of t h e t h r e e years . B u t t h e t r e n d for t o t a l 
f r e sh yield showed t h a t t h e highest y ie lds were ob ta ined f r o m the 0.4 m r o w spac ing . 
I n genera l row spac ing h a d no e f f e c t on p l an t he igh t e x c e p t in 1966, w h e n t he p lan t s of 
t h e 0.3 m spac ing were s igni f icant ly ( P = 0.05) shor ter t h a n those deve loped a t 0.2 and 0.4 m 
row spac ings (Table 5b). Fo r the o t h e r y e a r s a n d the 3 - y e a r average , t h e a v e r a g e heights of 
t he p l a n t s in t he 0.2 m row spacing were m u c h ta l le r t h a n those in t h e 0 .3 a n d 0.4 m r o w 
spac ings . 
D r y r i b b o n yield pe r p lan t was m a x i m i z e d a t a r o w spac ing of 0.4 rn. B o t h 0.2 and 0.3 m 
r o w spac ings y ie lded p l a n t s wh ich h a d a s imi lar d ry r i b b o n yie ld , h u t t h e i r y ie lds were lower 
t h a n t hose o b t a i n e d f r o m the 0.4 m row spac ing in each y e a r of the tes t a n d t h a n the average . 
T h e more sa l ien t resu l t s of co r r e l a t i on analysis of va r i ab les are p r e s e n t e d in Table 6. 
P l a n t s t a n d p e r c e n t a g e a n d to ta l f r e sh y ie ld showed s i g n i f i c a n t positive c o r r e l a t i o n s wi th d r y 
r i b b o n y ie ld , while t h e s t em d i a m e t e r g a v e a posi t ive low corre la t ion. O n t h e o ther h a n d , 
HIGGINS—WHITE (1970) f o u n d t h a t y ie ld w a s no t i n f l uenced by p lan t p o p u l a t i o n . D r y r i b b o n 
yie ld pe r p l a n t showed a posi t ive b u t non- s ign i f i can t co r r e l a t i on wi th d ry r i b b o n yield per h a 
a n d p l a n t s t a n d p e r c e n t a g e . Dry r i b b o n yie ld per p l a n t a n d p lan t s t and p e r c e n t a g e gave sig-
n i f i c a n t pos i t ive cor re la t ions w i th s t e m d i a m e t e r . 
T h e assoc ia t ions of p lan t he ight w i t h d ry r ibbon yie ld pe r ha , d ry r i b b o n yield per p l a n t , 
p l a n t s t a n d p e r c e n t a g e a n d s tem d i a m e t e r were pos i t ive b u t non- s ign i f i can t . The work of 
Table 6 
Correlation coefficients between dry ribbon yield and five other yield components 
Variable 
Dry ribbon 
yield 
(kg/ha) 
Dry r ibbon 
yield 
per p lant (g) 
Plant s tand 
percentage 
S t e m 
d iamete r 
(mm) 
Plant 
height 
(m) 
D r y r i b b o n yield p e r p l a n t (g) 0.60 
P l a n t s t a n d pe rcen t age 0.78** 0.65 
S t e m d i a m e t e r ( m m ) 0.17 0.70* 0.67* 
P l a n t he igh t (m) 0.24 0.37 0.34 0.55 
T o t a l f r e sh yield (kg /ha) 0.99** 0.66* 0.24 0.49 0.19 
* S ign i f i can t a t t h e 0.05 level of p robab i l i t y 
** S ign i f i can t a t t h e 0.01 level of p robab i l i t y 
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HIGGINS—WHITE (1970) a n d WILLIAMS (1966) gave a posi t ive s ign i f i can t cor re la t ion be tween 
stem d i a m e t e r and plant h e i g h t . Stem d i a m e t e r decreased wi th an increase in p l a n t popu la t ion . 
WILLIAMS (1966) repor ted a h ighly s ignif icant negat ive cor re la t ion between p l a n t popu la t ion 
and p lan t height (r 0 .51) a n d between p l a n t popula t ion a n d s tem d i ame te r (4 = 0.75). 
Total f r e sh yield was s i g n i f i c a n t l y and pos i t ive ly associated w i t h d r y r ibbon yie ld per p lan t . 
P lant s t a n d percentage, s t e m d iamete r and p l a n t height were pos i t ive ly , bu t non-s ign i f i can t ly 
corre la ted w i t h total f resh y ie ld . 
T h e lack of effect of p o p u l a t i o n d i f ferences on the d ry r i b b o n yield suggests t h a t med ium 
ra ther t h a n h igh or low p o p u l a t i o n s should be used to avoid g a p s in the s tands a n d to provide 
more c o m p e t i t i o n against w e e d s . Offset t ing t h e advan tages of h i g h popula t ions are t h e ex t ra 
seed r e q u i r e d and the smal l t h i n p lants deve loped which t end to lodge badly n e a r t h e end of 
the season. M a n y of these smal l th in p lants a re lost if ha rves t ing is delayed or because t h e y are 
not d e c o r t i c a t e d mechan ica l ly , because the b l ades or knives of t h e hand-fed deco r t i c a to r are 
ad ju s t ed to a certain s t e m d i a m e t e r . Also t h e resul ts ind ica ted t h a t under the condi t ions of 
this e x p e r i m e n t , narrow rows gave no yield a d v a n t a g e over wide rows even wi th d i f f e r en t popu-
lation dens i t i es . This m igh t be due to the h igh losses in plant p o p u l a t i o n which r e a c h e d on aver-
age, 2 0 ° o , 2 5 % and 4 0 % fo r 0.2, 0.3 and 0.4 m r o w spacings. r e spec t ive ly , especia l ly fo r the P t 
popula t ion dens i ty (Table 3). A m o n g the th ree r o w spacings, t h e h ighes t loss in p l a n t popu la t ion 
was o b t a i n e d at 0.4 m row s p a c i n g . Never the less , t he m a x i m u m d r y r ibbon yield was p roduced 
at 0.4 m row spacing. I t a p p e a r s tha t high d r y r ibbon yields m i g h t be expec ted b y increasing 
the dens i ty of popula t ion (P 2 ) w i t h wide row spac ings or by n a r r o w i n g the d is tance be tween the 
rows, coup led with low to m e d i u m densities. T h e same idea w a s r epo r t ed by WILLIAMS (1966). 
F o r kenaf p roduc t ion in the K e n a n a a r e a the two lowest popu la t ion dens i t ies (500,000 
and 250,000 p lan t /ha) are r e c o m m e n d e d w i th n a r r o w row spac ings , such as 0.2 or 0.3 m. 
* 
P r e p a r e d at the A g r i c u l t u r a l Resea rch Corpora t ion . H u d e i b a Research S t a t i o n , Ed-
Damer 
F . A . SALIH 
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DATA O N T H E T E C H N O L O G I C A L T O L E R A N C E OF C A T T L E O F VARIOUS G E N O T Y P E S 
T h e decreasing n u m b e r of people employed in l ives tock farming, and t he demand for 
increased profi tabi l i ty r e n d e r it necessary t o develop l ivestock farming me thods in which the 
use of mach ines is the decis ive factor, while those individual i t ies of the an imals which differ 
f rom the stock average can hardly be t a k e n into considerat ion, if at all. Technica l progress, 
as a given env i ronmenta l f ac to r , requires t h e keeping of popu la t ions whose individuals give 
un i form, identical responses to large-scale husbandry . 
I n specialized, large-scale livestock f a r m s the an ima l s are exposed, w i t h hardly any 
t rans i t iona l phase, to n e a r l y as great a change as may have b e e n experienced in t h e early stages 
of domest ica t ion . Consequent ly , the ba lance between the biological requi rements of the ani-
mals and the changed e n v i r o n m e n t has been upse t . This u n b a l a n c e is due to t he fac t t ha t the 
demands of the animals h a v e virtually been le f t out of cons idera t ion , and the selection of popu-
lations to l e ran t to large-scale husbandry h a s no t been accompan ied by the es tab l i shment of 
up - to -da t e livestock s t a t i ons . In fact , due t o a lack of proper knowledge, this was qui te impos-
sible u p till now. Today , w h e n the technology of large-scale l ives tock farming, i n s t ead of becom-
ing more simple, necessari ly tends towards t h e utilization of more and more complex technical 
means , t he es tabl ishment of a technico-biological equi l ibr ium, i.e. the res tora t ion of a balance 
between the animal a n d i t s environment , is an urgent t a sk . 
Behaviour as a signalizing system, as an integrated life phenomenon, shows whether the 
env i ronmen t is heal thy for the animals. T h e life phenomena expressed by the behav iour of the 
animals are of great i m p o r t a n c e , because physiological tests , which likewise indica te the general 
hea l th condit ions of t he an imal , are very d i f f icu l t to p e r f o r m under farm condi t ions . Conclu-
sions on t he general h e a l t h conditions of a n i m a l s can also be d r a w n from the changes occurring 
in the q u a n t i t y and q u a l i t y of production, b u t such indica t ions do not fully serve the purpose, 
as t h e y come rather l a t e , sometimes too l a t e . 
I t is a well-known fac t tha t the f u l f i l m e n t of p r o d u c t i o n demands involves not only 
technical , hu t also biological requirements . In cattle h u s b a n d r y the biological requirements 
mus t he t aken into cons idera t ion to a m u c h greater ex ten t t h a n in poultry or pig fa rming . Pigs 
and p o u l t r y accommoda te themselves to t h e new technology in a shorter t ime t h a n cattle do, 
or r a t h e r such types are easier to select, owing to the qu icke r reproduction of t he species. I n 
large-scale husbandry i t is in cattle t h a t t h e greatest n u m b e r of problems arise in creating a 
balance between the d e m a n d s of the an ima l s and the technica l changes. I t is t h u s in this field 
t h a t the largest a m o u n t of information is required before deciding which p roduc t ion factors 
call for a technical so lu t ion and which should be approached f r o m a biological poin t of view. 
The env i ronmenta l cond i t ions of p roduc t ion should be cont inuous ly co-ordinated with the 
biological requi rements of t he animals, t h a t is, the s t imulus g iven by the changed envi ronment 
mus t no t be strong enough to hinder the fu l l display of the genet ic capacity. In large-scale hus-
b a n d r y t he concentra t ion of the livestock a n d the uti l ization of technical facil i t ies may modify 
the behav iour pa t tern of t he animals c o m p a r e d to the b e h a v i o u r of those k e p t unde r na tura l 
condi t ions , since in the closed technological systems the a n i m a l s cannot f ind t he same comfort 
as is of fered by the n a t u r a l environment . T h u s , the ex ten t of accommodat ion mus t be deter-
mined t h rough the b e h a v i o u r , because subs t an t i a l changes in the way of life, reactiveuess 
and behaviour of the animals may cause not only a r e d u c t i o n in o u t p u t b u t also o ther 
losses. 
According to t he resul t s of exper iments and the exper ience gained so f a r , the accommo-
da t ion of cattle is in m o s t cases a slow process taking severa l generations. H i g h product iv i ty 
seems to be a more read i ly developed c h a r a c t e r than a d a p t a t i o n . Under the present circum-
stances t he development or improvement of a technological tolcrance in the d i f fe ren t popula-
tions is t hus extremely impor t an t . 
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The technological tolerance of the an ima l can be character ized by m a n y react ions given 
to so-called externa l s t imul i . The technological tolerance is expressed by responses to human 
interference, housing and feeding condi t ions , technical procedures , env i ronmen ta l pollution, 
relations with o ther an imals , in a word: b y behaviour . 
To de termine the technological to le rance of cattle invest igat ions were set u p with breeds 
reared in H u n g a r y , a imed at acquiring a knowledge of the technological to lerance of the differ-
en t breeds, and a t f ind ing some means of improving it. 
This paper presents da ta on some f ea tu r e s of animal behaviour which give informat ion 
about their technological tolerance. These a re : 
— behaviour dur ing milking, 
- behaviour dur ing work done in t h e cat t le-shed, 
a t t i t ude t owards man , 
accommoda t ion to the new e n v i r o n m e n t , 
— f ind ing the r ight place when dr iven into a bound sys tem cat t le-shed, 
dis tance kep t between animals r ea red in groups. 
The expe r imen t s were carried ou t in a number of f a r m s wi th cows of d i f f e r e n t genotype 
(of var ious breed and crossing) kept in b o u n d and fre- pen sys tems. Behaviour du r ing milking 
and when work was done in the cat t le-shed, as well as the a t t i t u d e towards m a n were evaluated 
by a sys tem of points . In evaluat ing the exper imenta l results t h e following model was generally 
used : 
Xijk = P + <4 + bj + eijk. 
In the model Х^
к
 = the behaviour fea ture examined for к observat ions , i an ima l s a n d J popula-
t ions; fi = mean va lue ; o ( = the effect of i animals; b- — t h e effect of j popu la t ions ; e--k = 
chance error. The behav iour of cows of va r ious genotype was studied during mi lk ing , during 
work done in the cow-shed and when an ou t s ide r approached. The reactions were evaluated on 
the points sys tem used in etological tes ts to de te rmine qua l i t a t ive behaviour p a t t e r n s . The cate-
gories for behaviour dur ing milking were; v e r y calm — 1 p o i n t ; calm, moving whi le milked 
2 points ; restless, ducks , l i f ts its leg — 3 po in t s ; changes place during p repara t ion and milking 
and may kick = 4 poin ts . Categories for behav iour dur ing work done in t he cat t le-shed: lies 
and rumina te s = 1 po in t ; lies, sometimes s t a n d s up, and periodically r u m i n a t e s = 2 points; 
most ly s tands , somet imes lies down, r u m i n a t e s standing = 3 points ; s tands a n d hard ly rumi-
nates if a t all 4 po in t s . 
Behaviour when somebody approaches : calm, does no t duck its head w h e n touched b y 
hand — 1 po in t : restless when someone approaches , but allows itself to be t o u c h e d = 2 points; 
restless, makes bu t t i ng movemen t s - 3 po in t s ; restless, je rks u p its head, t rembles when touched 
by hand = 4 points . 
Table 1 shows the behaviour of cows in f irs t calf of va r ious genotype k e p t bound . There 
were s ignif icant differences in behaviour dur ing milking a n d when someone approached be-
tween the popula t ions kep t in the same f a r m . The calmest behav iour was shown dur ing milking 
by the Hunga r i an spo t ted cows, and dur ing work done in t h e cattle-shed and a t t he approach 
of man by the Danish red F , . The correlat ion between the mi lk yield and the t h r e e character-
istics of behav iour examined was very low. E x a c t data are no t presented here. 
Table 2 gives an account of the fac t t h a t brown da i ry cows in two f a r m s wi th a nearly 
identical hound h u s b a n d r y system showed s imilar behaviour dur ing milking and o t h e r work done 
in the cow-shed, as well as a t the approach of man . There was no significant d i f ference between 
the behaviour p a t t e r n s examined in the two farms. 
The behaviour of cows of various geno type kept in a f ree-pen system is seen in Table 3. 
As regards the behav iour of cows during mi lk ing no difference was found e i the r between the 
f a rms or between the populat ions , b u t the re was some dif ference in resting a n d ruminat ing 
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Table 1 
Behaviour of cows in first calf of var ious genotypes kept in a bound system on the same farm 
Behaviour dur ing 
milking, in points 
Behaviour dur ing 
shed work , in poin ts 
Behaviour a t t h e 
approach of m a n , in poin ts 
Breed 
N u m b e r 
of 
an imals 
X ±» F-va lue 
N u m b e r 
of 
an imals 
X ± 8 F-va lue 
N u m b e r 
of 
an imals 
X ± 8 F-va lue 
H u n g a r i a n spo t t ed 16 1.38 0.69 16 2.44 0.90 16 1.58 0.75 
D a i r y H u n g a r i a n spo t t ed 19 2.22 0.44 14.97 19 1.55 0.81 14.37 19 1.44 0.52 2.98 
Danish red F , 21 1.47 0.60 P < 0 . 1 % 21 1.52 0.51 P < 0 . 1 % 21 1.00 0 
Hols te in Friesian F t 18 2.10 0.76 P < 0 . 1 % 18 1.61 0.50 P < 0 . 1 % 18 1.55 0.51 P < 5 % 
Table 2 
Behaviour of Hungarian brown dairy cows in a bound system on two farms 
Behaviour dur ing 
milking, in points 
Behaviour dur ing 
shed work , in poin ts 
Behaviour a t t h e 
app roach of m a n , in poin ts 
F a r m 
N u m b e r 
of 
animals 
X ± 8 F-va lue 
N u m b e r 
of 
an imals 
X ± 8 F-va lue 
N u m b e r 
of 
animals 
X ± 8 F-va lue 
A-far m ( N y i r m a d a ) 36 1.63 0.53 0.91 36 2.56 0.96 1.42 36 1.65 0.72 1.16 
B - f a r m (Kemecse) 36 1.52 0.48 P > 5 % 36 2.81 1.02 P > 5 % 36 1.73 0.81 P > 5 % 
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Table 3 
Behaviour of cous of various genotypes in a free-pen system 
Behaviour dur ing milking, in points 
Breed N u m b e r 
F -va lue aetween 
of an ima l s X ±« 
genotypes farms 
H u n g a r i a n spo t t ed 111 1.26 0.37 2.42 3.21 
D u t c h black and w h i t e 160 1.00 — P > 5 % P > 5 % 
H o l s t e i n Friesian 48 1.00 
Behaviour du r in« shed work, in points 
Breed N u m b e r 
F-va lue aetween 
of an ima l s X ±
s 
genotypes farms 
H u n g a r i a n spo t t ed 100 2.40 0.49 14.15 2.81 
D u t c h black and w h i t e 160 2.95 1.11 P < 5 % P > 5 % 
H o l s t e i n Friesian 48 2.56 0.58 
Behaviour a t t h e approach of man, in po in ts 
Breed N u m b e r 
± s 
F-value aetween 
of an ima l s X 
genotypes farms 
H u n g a r i a n spot ted 100 1.97 0.38 27.3 19.6 
D u t c h black and w h i t e 160 1.55 0.33 P < 5 % P < 5 % 
Hol s t e in Friesian 48 2.06 0.34 
wh i l e work was d o n e i n t h e ca t t le-shed. T h e highest d e g r e e of tolerance was s h o w n by the H u n -
g a r i a n spotted cows. T h e differences b e t w e e n the f a r m s w e r e n o t s igni f icant . I n t he b e h a v i o u r 
a t t h e approach of m a n t he differences b o t h between t h e g e n o t y p e s and t he f a r m s were s ignif-
i c a n t , which s u g g e s t s t h a t i t is n o t exc lus ive ly on t h e g e n o t y p e t h a t t h e r e a c t i o n d e p e n d s . 
T h e e x t e n t of a c c o m m o d a t i o n is also a f u n c t i o n of t h e t r e a t m e n t the a n i m a l s receive in t h e 
f a r m . 
Table 4 shows t h e correlation b e t w e e n milk yield a n d t h e behaviour of cows dur ing mi lk -
ing a n d other w o r k d o n e in the cow-shed , and at the a p p r o a c h of man . 
The co r re l a t ions between the t h r e e behaviour p a t t e r n s examined a n d t he milk y ie ld 
w e r e ve ry low or h a r d l y demons t rab le , so t he regression e q u a t i o n s are no t p r e s e n t e d here. W e 
e x a m i n e d the e f f ec t of a n e w technologica l process or a n e w h u s b a n d r y sys t em o n t he b e h a v i o u r 
of cows, and the t i m e r equ i r ed for t h e m t o a c c o m m o d a t e t o t he new t e c h n o l o g y . Wi th in t h i s 
f r a m e w o r k we s t u d i e d t h e behav iour of Hungar i an s p o t t e d , da i ry H u n g a r i a n spo t t ed , a n d 
D u t c h black and w h i t e cows in f i rs t calf t r ans fe r red f r o m a b o u n d sys tem in l i t t e r ed sheds to a 
f r e e - p e n system in l i t t e r l e s s sheds. A t t h e same t ime, we t r i e d to de termine t h e order fol lowed 
b y cows kept in g r o u p s of 24 when e n t e r i n g t he milking b o x i n t he morning a n d evening . Tab le 5 
s h o w s the t ime s p e n t i n res t ing and m o v i n g abou t on t h e 1 s t , 5 th and 14th d a y b y cows p laced 
in a n e w technological s y s t e m . Accord ing t o the da ta in t h e t ab l e the H u n g a r i a n spot ted cows 
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Table 4 
Relationship between milk production and behaviour 
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Rela t ionsh ips 
B e h a v i o u r dur ing mi lk ing - milk pro-
d u c t i o n 
B e h a v i o u r dur ing shed w o r k — milk 
p r o d u c t i o n 
B e h a v i o u r a t the a p p r o a c h of man 
mi lk product ion 
i l i m g a spo t t ed 
+ 0 . 1 1 
+ 0 . 1 0 
- 0 . 2 5 
D u t c h black 
a n d whi te 
- 0.18 
0.01 
— 0.11 
— 0.03 
Table 5 
Trend of the daily periods of resting and moving under changed technological conditions 
(Number of cows per group = 24) 
(transfer from a bound, littered to a free, litterless system) 
Breeds examined 
Designat ion Dai ry 
H u n g a r i a n spot ted H u n g a r i a n spot ted a n d wh i t e (25% Je r sey gene) 
Time of lying down as a percentage of the 
daily 24 hours 
1st day X 27.62 34.51 33.28 
+ s 10.21 8.63 8.16 
5 t h day X 36.16 34.11 33.97 
± S 9.65 8.83 9.11 
14th day X 47.56 45.28 46 .71 
+ s 11.32 10.83 11.16 
Time of moving as a percentage of the 
daily 24 hours 
1st day X 10.66 8.23 9.18 
± S 2.97 2.17 2.81 
5 th day X 3.12 4.26 4 .03 
± S 0.76 0.98 0.91 
14th day X 1.32 1.48 1.16 
± 8 0.21 0.37 0.31 
s p e n t 2 7 % , the d a i r y H u n g a r i a n s p o t t e d cows 3 4 % and t h e D u t c h black a n d w h i t e cows 
3 3 % of t he f i rs t d a y l y i n g down. The c h a r a c t e r i s t i c dai ly v a l u e s indicat ing ly ing d o w n were 
o b s e r v e d on the 14 th d a y a f t e r t r ans fe r t o t h e n e w sys t em in all t h r e e popu la t ions . 
According to t h e d a t a of Table 6, t h e H u n g a r i a n s p o t t e d , H u n g a r i a n da i ry s p o t t e d and 
D u t c h b lack and w h i t e cows spent 57, 70 a n d 8 2 % of the f eed ing t i m e charac te r i s t i c of t h e popu-
l a t i o n in feeding on t h e f i r s t day , and 88, 85 a n d 8 2 % of th i s pe r iod on the 5th d a y . O n t h e 14th 
d a y feed ing took u p 1 7 — 1 9 % of the dai ly 24 h o u r s ; this is t h e t i m e charac te r i s t i c of large-scale 
h u s b a n d r y . On t he 1st a n d 5 th day t he t i m e spen t in r u m i n a t i o n remained be low t h e charac-
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Table 6 
Trend of the daily of feeding and ruminating under changed technological conditions 
(Number of cows per group =24) 
(transfer from a bound, littered to a free, litterless system) 
Breeds examined 
Designat ion 
Hungarian spo t t ed 
Dairy 
Hungarian spot ted 
(25% Jersey gene) 
Du tch black 
and white 
Time of feeding as a % 
hours 
of the daily 24 
1st d a y X 10.24 12.37 14.86 
± S 3.03 2.97 3.27 
2 n d day X 15.93 15.16 14.85 
+ S 3.51 3.02 3.09 
1 4 t h 6ay X 18.02 17.81 18.16 
+ 8 4.36 4.01 4.05 
Time of rumination as a % of the daily 
24 hours 
1st d a y X 20.41 17.85 19.07 
5.13 4.29 4.81 
5 t h d a y X 21.63 18.12 20.03 
+ 8 5.02 4.31 4.43 
1 4 t h day X 27.19 25.70 29.78 
1- s 5.47 6.18 6.89 
Table 7 
Order of entering the milking box 
Designat ion 
Breeds examined 
Hungarian spo t t ed 
Dairy 
Hungarian spotted 
(25% Jersey) 
Dutch black 
and white 
1st day, °0 
- in t he same o rde r — 
w i t h a difference of one place — — 6.6 
— w i t h a difference of two places 33.0 29.7 19.8 
5th day, % 
— in t h e same o rde r 3.3 6.6 9.9 
w i t h a difference of one place 13.2 16.5 23.1 
— w i t h a difference of t w o places 29.7 23.1 29.7 
14th day, % 
— in t h e same o rde r 13.2 16.5 19.8 
-— w i t h a difference of one place 24 23.1 29.7 
•— w i t h a difference of two places 16.5 19.8 19.8 
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t e r i s t i c value. On t h e 14th d a y H u n g a r i a n spot ted c o w s spent 27, t h e d a i r y cows 25, a n d t h e 
b l ack and whi te cows 2 9 % of t h e d a y rumina t ing . 
In Table 7 we can see w h a t p e r c e n t a g e of t he c o w s in the g roup of 24 followed t he m o r n -
ing order of m i l k i n g , or dev ia ted f r o m it by one or t w o places, oil e n t e r i n g t he milking b o x in 
t h e evening. On t h e f i r s t day n o n e of t h e Hungar ian s p o t t e d cows a n d d a i r y Hunga r i an s p o t t e d 
cows, and only o n e of the black a n d w h i t e cows kep t t h e s a m e order of success ion in the e v e n i n g 
as in the m o r n i n g w h e n en te r ing t h e milking box (3 .3) . On the e v e n i n g of the 5th d a y 3 . 3 % 
of t he H u n g a r i a n spo t t ed , 6 . 6 % of t h e dairy H u n g a r i a n spo t ted , a n d 9 . 9 % of the b lack a n d 
w h i t e cows e n t e r e d t he milking b o x in t he same o r d e r of succession as in t h e morning. On t h e 
I I Hungarian spotted 
I°Q °ol Dairy Hungarian spotted 
Dutch black and white 
Fig. 1. Cows of va r ious g e n o t y p e en te r ing the m i l k i n g box in t he s a m e order of success ion 
14 th day the d i f fe rences b e t w e e n t h e popula t ions decreased . A c c o r d i n g to Fig. 1, 5 2 . 8 % of 
the H u n g a r i a n s p o t t e d , 9 9 . 4 % of t h e dairy H u n g a r i a n spot ted a n d 6 9 . 3 % of the b l a c k a n d 
wh i t e cows fo l lowed the same o r d e r in the evening (or missed it b y o n e or two places) as in 
t he morning on e n t e r i n g the m i l k i n g box . Accord ingly , differences b e t w e e n the popu l a t i ons a re 
n o t s ign i f ican t . 
On e x a m i n i n g the c o r r e l a t i o n s between the m i l k i n g order , a n d t h e l ive weight , t h e m i l k 
yield, and t he o r d e r of boxes in t h e shed , we found t h a t while each of t h e examined indices w a s 
in posi t ive co r r e l a t i on with t he o r d e r in which t h e cows entered t h e mi lk ing box, t he cor re la -
t ions were n o t s ign i f i can t . T h e c loses t correlation w a s shown wi th t h e o r d e r of the boxes t h e y 
occupied in t h e shed on the 14th d a y . Our o b s e r v a t i o n s suggest (we d i d n o t calculate t he v a l u e 
of dominance ) t h a t this o rde r co r responded to t h e o rde r of d o m i n a n c e in the p o p u l a t i o n . 
I t is a wel l -known f ac t t h a t cows kept in a h o u n d sys tem do n o t a lways r e t u r n t o t h e i r 
boxes when d r i v e n in f rom t h e s t o c k - y a r d . This h i n d e r s the work in t h e stable, t h e r e f o r , e in 
some large-scale da i ry f a rms t h e cows are not a l l owed out to t he s t o c k - y a r d . As n u m e r i c a l 
d a t a were n o t ava i lab le we e x a m i n e d the abi l i ty of cows to f ind t h e i r boxes . We a t t e m p t e d t o 
de t e rmine t he pe rcen t age of cows ab l e to f ind the i r b o x e s and the p r o p o r t i o n of errors fo r v a r y -
ing n u m b e r s of boxes in a row. T h e observat ions w e r e made on 12 success ive days. 
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Table 8 
Relationship between the order of entering the milking box, 
and live weight, milk production and place occupied in the shed 
Relationships 
Correlation 
1st day 5 th day 14th d a y 
Live weigh t — order of enter ing t he milking b o x 0.38 0.26 0 .28 
Milk p r o d u c t i o n — order of e n t e r i n g t he mi lk ing 
box 0.12 0.19 0 .17 
Place occupied in the shed — o r d e r of enter ing t h e 
milking b o x 0.17 0.27 0 .46 
T h e p l ace occupied in t h e s h e d was r e l a t e d t o t he passage l e a d i n g to the m i l k i n g b o x 
Table 9 
Cows finding their places in a bound system of husbandry 
N u m b e r 
Cows linding their boxes per group 
Popula t ion 
of cows 
per 
F-value 
group 
(«) 
X ±8 between 
populations 
be tween 
g roup sizes 
b e t w e e n 
f a r m s 
H u n g a r i a n s p o t t e d 24 6.43 2.162 
H u n g a r i a n s p o t t e d 40 8.31 2.86 
H u n g a r i a n s p o t t e d 25 16.91 1.97 
D a i r y H u n g a r i a n brown 48 6.25 1.91 P > 5% P < 5 % P < 5 % 
D u t c h black a n d whi te 25 1.35 0.42 
D u t c h black a n d whi te 24 4.18 1.47 
T h e d a t a ob ta ined du r ing t h e inves t iga t ions a re summar ized in T a b l e 9. The a b i l i t y of 
cows to f i n d t h e i r boxes depended p r i m a r i l y on t h e size of the group, s e c o n d l y on the w a y t h e y 
were t r e a t e d in t h e respect ive f a r m s , a n d f ina l ly on the breed. T h e cor re la t ions b e t w e e n t h e 
pe rcen t age of cows f inding the i r b o x e s , and t he size of t he group a n d t h e difference in t r e a t -
m e n t b e t w e e n t h e f a rms are s i g n i f i c a n t . 
The d a t a p resen ted in Fig . 2 also show t h e i n f l u e n c e of the t r e a t m e n t t he animals rece ive 
on the i r ab i l i t y to f ind their p laces . W i t h a p p r o x i m a t e l y the same g r o u p size the d i f f e r ence in 
t r e a t m e n t b e t w e e n t he f a rms was g r e a t e r t h a n t h e d i f fe rence be tween t h e genotypes (b r eeds ) . 
W h e r e t he c o w m a n was not i n t e r e s t e d in p r o m t i n g t h e deve lopment of a reflex of th i s k i n d , 
cows k e p t in smal l groups (of 25) were less capab le of f ind ing their b o x e s t h a n those k e p t in 
la rge g roups . F u r t h e r , the t echno log ica l to lerance is expressed by t h e e x t e n t to which t h e an i -
ma l s p u t u p w i t h the close v i c in i t y of o t h e r cows. Ca t t l e belong to t h e t y p e of an imals w h i c h 
k e e p a ce r t a in d i s t ance f rom each o t h e r , and h a v e r e t a i n e d this b e h a v i o u r t h r o u g h o u t t h e p ro -
cess of d o m e s t i c a t i o n . I t is k n o w n t h a t in an ima l s of th i s type a social s t ress develops if t h e y 
h a v e no t e n o u g h space. This is m a n i f e s t e d in t h r e a t e n i n g behaviour . I n t h e course of ea r l i e r 
i nves t i ga t i ons , w e d e m o n s t r a t e d t h a t t h e f r e q u e n c y of t h r e a t e n i n g g e s t u r e s is closely c o n n e c t e d 
w i th t he space ava i l ab l e per a n i m a l . F u r t h e r , we h a v e not iced t h a t t h e closer two a n i m a l s a re 
t o each o t h e r in t h e h ierarchy , t h e la rger the pe r sona l space, the d i s t a n c e between t h e m is . 
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As we h a d no numerical d a t a a t our disposal, we carried out invest igat ions on cows kep t in 
groups, pa r t l y to f ind out a t w h a t point cows of a lower order w o u l d stop and t u r n a w a y from 
the one a t the top of the h ie ra rchy (what d i s t ance they would keep) , and par t ly to ob t a in an 
answer to the question of whe the r there is a n y difference be tween the genotypes as regards 
this f e a tu r e of behaviour. 
The examinat ions — in which the place of each animal in t h e hierarchy was f i r s t deter-
mined — were performed w i t h Hungar ian s p o t t e d and Holstein Fr ies ian groups. D a t a indicat-
ing the size of the personal space are contained in Table 10. The d a t a in the table revea l t h a t the 
size of the personal space var ies wi th the place occupied in the h i e ra rchy . There is no significant 
difference in this respect be tween the two b reeds examined. According to the d a t a of Fig. 3, 
7o 
5 0 H 
4 0 
3 0 
20 H 
10 
•—I 1 1  
found its place 
three four five to 
times times ten 
times 
in a bound system 
did not 
find its 
place 
once twice more than 
ten times 
Hungarian spotted n=40 
Hungarian spotted n=48 
Dairy Hungarian brown 
— Dutch black and white  
Hunaa r i an SDOtted 
n=48 
n=25 
nr 24 
Fig. 2. Distr ibut ion of cows finding the i r places in a b o u n d sys tem of h u s b a n d r y 
the correlat ion between the hierarchical s t a tus a n d the personal space is very close (Hungar i an 
spot ted : r 0.96: Holstein Fr ies ian: r 0.94). 
The personal space can be characterized b y linear regression. According to t h e determi-
nat ive coefficients, the size of t he personal space in Hungarian s p o t t e d cattle is 9 2 % de te rmined 
by the place occupied in the h ierarchy and 8 % b y other factors, whi le the corresponding values 
for Holstein Friesian catt le are 8 8 % and 12%, respectively. 
Behav iour giving in fo rmat ion on the technological to lerance of animals as a fo rm of 
adap ta t i on is extremely i m p o r t a n t in the deve lopmen t of large-scale technologies if i t is related 
to product ion . We do not k n o w as yet what e x t e n t of information f ix ing is involved in the con-
cent ra t ion of the stock and t he utilization of va r ious technologies, no r whether or n o t t hey in-
duce the phases of storage. So f a r investigations which might help in choosing the r igh t technol-
ogies or breeds by assessing t he present condi t ions have not been carr ied out. According to our 
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Table 10 
Distance kept from the cow at the top of the hierarchy 
Distance kept f r o m t h e cow first in t he o rder 
of dominance b y those occupying t h e 
2 n d 3rd 4 th 6 th 10th 
place in the group 
Hungarian spotted 
Distance of s t o p p i n g (m) 
X 2.8 2.5 2.1 1.5 1.1 
± S 0.75 0.57 0.49 0.41 0.30 
Holstein Friesian 
Distance of s t o p p i n g (m) 
X 2.6 2.5 2.0 1.6 1.3 
± a 0 .68 0.63 0.31 0.49 0.42 
place occupied in the hierarchy 
Hungarian spotted 
Holstein Friesian 
Fig. 3. R e l a t i o n s h i p be tween t h e soc ia l h ierarchy a n d t h e personal s p a c e of the cows 
e x p e r i m e n t s , t h e r e is no subs tan t i a l d i f f e rence be tween t h e genotypes e x a m i n e d as r e g a r d s 
b e h a v i o u r a l r e a c t i o n s wh ich suggest t echnologica l t o l e r a n c e . I t was only in t h e hound s y s t e m 
t h a t smal l bu t s i g n i f i c a n t differences w e r e observed in t h e behav iour of a n i m a l s dur ing mi lk ing 
a n d w o r k in the s h e d , a n d in response t o the app roach of m a n . In t he m i l k i n g box the cows 
s h o w e d identical b e h a v i o u r dur ing m i l k i n g . In the b e h a v i o u r displayed b y t h e cows while w o r k 
w a s done in the s h e d s , which had to b e t a k e n into c o n s i d e r a t i o n when s t u d y i n g r u m i n a t i o n , d i f -
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ferences were found between t he genotypes. However , according to t he method used b y us, 
there seemed to be little connect ion with p roduc t ion . Thus, o ther f ac to r s must be f o u n d to 
account for the 10—20% decrease in yield, which is a t t r ibu ted to t he absence of technological 
tolerance. As to the a t t i tude of t he cows towards m a n , the differences are again greater be tween 
the f a r m s t h a n between the genotypes . There is t h u s no evidence of some breeds or geno types 
being easier to t rea t under large-scale husbandry condit ions t han o the r s . 
As regards accommodat ion to the new technology, there was no substantial d i f ference 
between the three populat ions of dif ferent genotypes s tudied. Inves t iga t ions on other geno types 
might be expected to lead to s imilar results. The order of entering the milking box has a bear ing 
on milk product ion (CZAKÓ— ILLÉS 1962). In the popula t ions examined , even in smaller g roups , 
only 5 0 — 6 0 % of the cows en te red the milking box in the same order or wi th a difference of one 
or two places. The aim is to milk a t least 9 5 % of t he cows in a def ini te order of succession. The 
l i terary d a t a suggest t ha t ca t t le are more dif f icul t to t ra in to cer ta in technological processes 
t han o ther f a r m animals (BRANTAS 1968, ANDREAE 1971 ). Studies in th i s field would grea t ly help 
in acquir ing a knowledge of t he degree of a d a p t a t i o n of the ind iv idua l genotypes. 
An a t t e m p t was made to de termine the o r i en ta t ion ability of cows in prel iminary exper i -
ments in which we studied to w h a t ex ten t cows k e p t in a hound sy s t em were able to f i n d the i r 
place. This abil i ty is p robably an acquired behav iour pa t te rn . D r i v i n g the animals o u t and 
tying t h e m up , as pe rmanen t ex te rna l st imuli , seem to bring about t h e f ixa t ion of i n fo rma t ion 
only wi th the help of h u m a n in te rven t ion , since besides the size of t he g roup an essential role is 
also played by the t r ea tmen t t he animals receive in t he f a rm. Animals w i t h no demand for phys-
ical con tac t keep a so-called indiv idual distance (personal space) f r o m one another (HEIDIGER 
1955). I n the course of our inves t iga t ions we found t h a t the size of th is d is tance within t he group 
depended on the place occupied in the social h ie ra rchy . As the hierarchical distance be tween 
two individuals increases so t he physical dis tance, which on being trespassed upon induces 
th rea ten ing behaviour , or causes t he trespasser to s top and turn a w a y , decreases. In the course 
of domest ica t ion human in te rven t ion has modif ied the dis tance-keeping mechanism of the 
catt le. In spite of this they d e m a n d more space t h a n would be necessary for their life processes 
on the basis of their body mass . This addit ional space is the personal space. In de termining the 
area required per animal, once t he social h ierarchy has been es tabl ished, the personal space of 
the an imals following each o the r in the hierarchy mus t also be t a k e n into considerat ion, as 
well as the body volume. F u r t h e r exper iments are required to de t e rmine the m i n i m u m area 
demanded b y an animal . As regards personal space no difference was found between t h e two 
breeds examined . The role p layed in product ion by the factors of technological tolerance e x a m -
ined so fa r is not quite clear. I t m a y be s ta ted , however , t ha t charac ter i s t ic differences in th is 
respect do no t exist be tween the genotypes, t h a t is, no populat ions are yet available wh ich 
show a higher tolerance to large-scale husbandry systems. 
I t should he noted, however , t h a t individual differences in all p a r a m e t e r s are m u c h grea t -
er within t h a n between the popula t ions . As regards technological to lerance emphasis is still 
laid on the individuals r a the r t h a n on the genotypes (populations), a n d the question of w rhat to 
do with those animals which show the least to lerance may cause a p rob lem. 
* 
Prepared at the Univers i ty of Agricultural Sciences. D e p a r t m e n t of Agricultural F.lectri-
f ication and Livestock Machinery , Gödöllő 
J . CZAKÓ, T . SÁNTHA 
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C O N T R I B U T I O N TO T H E P H A R M A C O G N O S Y O F V I S C U M A I , B U M L. 
I. E f f e c t of hos t trees on chol ine conten t 
The m i s t l e t o e ( Viscum album L . ) is one of t h e ear l ies t recorded d r u g plants . The a c t u a l 
t he r apeu t i c e f f e c t of the drug, as i t is known t o d a y , w a s recognized a t t h e beginning of t h i s 
c e n t u r y . A t t e n t i o n w a s called to i t s med ica l i m p o r t a n c e b y the researches of Gaul t ier , a F r e n c h 
pha rmaco log i s t , w h o was the f i r s t t o observe in 1907 t h e h y p o t e n s i v e e f f ec t of an a q u e o u s 
e x t r a c t of t h e p l a n t (AUSTER S C H Ä F E R 1960, BERGER 1 9 5 0 , MADAUS 1 9 3 8 ) . T h e i n v e s t i g a t i o n s 
were initially a i m e d a t clarifying t h e pha rmaco logy of t h e subs tance r e spons ib le for t he decrease 
in blood p ressu re . T h i s quest ion h a s been dealt w i t h in a n u m b e r of p a p e r s by KOCHMANN 
( 1 9 3 1 ) , JARISCH ( 1 9 3 8 , 1939, 1 9 4 1 ) , J A R I S C H - R I C H T E R (1940) , E N D E R S (1940) , E N D E R S 
et al. (1941) , FEUCHTINGER ( 1 9 4 0 ) , JANSSEN et al. ( 1 9 4 0 ) a m o n g o t h e r s . B e s i d e s t h e h y p o t e n -
s ive effect , w h i c h is easy to c o m p e n s a t e with a t r o p i n e , o t h e r ef fec ts of b o t h the d rug e x t r a c t 
a n d of var ious mis t l e toe p r e p a r a t i o n s , p roduced f o r t h e purpose of s t u d y i n g the ac t ion of 
t h e drug, were o b s e r v e d af ter i n t r a v e n o u s in j ec t ion , e.g. ca rd io tox ic s y m p t o m s s imi la r t o 
t h o s e induced b y digital is (JARISCH 1938, 1939, KOCHMANN 1931), a n d r ecen t ly t issue nec ro -
sis and t u m o u r i nh ib i t i on (JARISCH 1939, 1941). A c c o r d i n g to our p r e s e n t knowledge chol ine 
is one of the s u b s t a n c e s responsible f o r the decrease in blood pressure . 
The c a r d i o t o x i c effect is a t t r i b u t e d to the v i s c o t o x i n , while t he t i s sue necrosis is cons id-
e r e d to be caused b y toxic p e p t i d e s of similar chemica l composi t ion (SANDBERG 1970. WINTER-
FELD 1952, W I N T E R F E L D — D Ö R L E 1 9 4 2 , WINTERFELD HEUKEN 1 9 6 0 , WINTERFELD— K R O -
NENTEAHLER 1 9 4 2 ) . 
I t is k n o w n t h a t Viscum album L. is a p a r a s i t i c p lan t , not p a r t i c u l a r abou t i ts h o s t 
p l a n t ; it lives o n m a n y coniferous a n d near ly all d e c i d u o u s trees. I t p r e f e r s those k n o w n in 
f o r e s t r y as " s o f t - w o o d " , as the s u c k e r s can easilv p e n e t r a t e the wood, b u t i t cart also be f o u n d 
on m a n y so-cal led " h a r d - w o o d " t r e e s , e.g. robin ia , w a l n u t , f r u i t - t r e e s , h u t very se ldom on 
p l u m , oak and b e e c h trees and n e v e r on h o r n b e a m a n d black pine (HEGI 1957, AUSTER — 
SCHÄFER 1 9 6 0 , H O P P E 1958). 
In recent d e c a d e s it has b e c o m e a widely a c c e p t e d opinion t h a t , b e y o n d the site condi -
t i o n s and o ther e n v i r o n m e n t a l f a c t o r s , t he composi t ion a n d consequent ly t h e effect of t he mis t l e -
t oe is also i n f l u e n c e d by the hos t t r e e . 
In order t o s t u d y the h y p o t e n s i v e and ca rd io tox i c effects of t he p l a n t PORA et al. (1957) 
f i r s t per formed e x p e r i m e n t s w i th a n i m a l s and then admin i s t e r ed e x t r a c t s of drugs o b t a i n e d 
f r o m 12 d i f f e ren t h o s t trees to p a t i e n t s suffering f r o m essent ia l high b lood pressure. A c c o r d i n g 
t o their q u a n t i t a t i v e eva lua t ion , t h e hypo tens ive e f f e c t of the drug is g r e a t l y inf luenced b y t h e 
h o s t plant . 
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At the beginning of the cen tu ry , Tubeuf pointed out t ha t the high morphological diver-
sity was due to differences in the nu t r i en t s sucked out of the host p lants . Hecker a t t r ibu ted an 
impor tan t role to the host p lant iti the diverse the rapeu t i c effect of the mist le toe . In our opin-
ion, among the fac tors influencing the biosynthesis of the p lant componen ts , apa r t f rom ecolog-
ical factors , t he nut r ient condi t ions m a y play a decisive role, since as a parasi t ic p lan t t h e 
possibility of nu t r i en t absorpt ion in Viscum album is of a different na tu r e . We thought it p rob -
able t h a t the dissolved nu t r ien t s were more easily absorbed from the " s o f t - w o o d " t han f r o m 
the " h a r d - w o o d " , the lat ter having thick-walled t racheae , more or less blocked p a r e n c h y m a 
and a b u n d a n t f ibres , which represent an obstacle to cell sap communica t ion . 
The presen t exper imental series was designed to settle the ques t ion of whether the re is 
any difference in choline content be tween plants living on " so f t -wood" a n d the parasi tes of 
"ha rd -wood" , t ak ing the vegeta t ion periods into considerat ion. 
W i t h th is in view we s tudied the choline con ten t of the drug: 
1. in samples obtained f rom di f ferent host t rees growing at the same site, and in the i r 
individual o rgans ; 
2. in mist letoe parasites of the same species of host tree obta ined f r o m different s i tes , 
and in the i r individual organs; 
3. in p lan t material collected f rom known host trees in dif ferent phases of vege ta t ion . 
The p lan t material was collected in 1967 and 1968 in various regions of H u n g a r y in 
accordance wi th the various ob jec t ives : Somogy c o u n t y (Transdanubia) , T a t a (town in T r a n s -
danubia) , Nyírség (a region east of the river Tisza). The drug was obta ined f r o m Salix caprea L . , 
Tilia cordata Mill., and Populus canadensis Moench as " so f t -wood" t rees , and from Acer plata-
noides L., Robinia Pseudo-Acacia I,., Celtis occidentalis L. and Juglans nigra L. as "hard-wood 
trees. 
The t e r m s " so f t -wood" and " h a r d - w o o d " , which are used to charac ter ize the host t rees , 
represent fo res t ry categories. On the basis of GREGUSS'S (1945) work t he following reasons can 
be given for the classification: the g round tissue in the wood of tree species referred to in t he 
paper as " s o f t - w o o d " trees is th in-wal led xylem f ibre , while in the wood of so-called h a r d -
wood trees it is thick-walled xy lem f ibre . Fur the r a n a t o m i c character is t ics are as follows: for 
the soft-wood t rees : Salix caprea: evenly dis t r ibuted t racheae ; Tilia cordata: Mill, wood w i t h 
scat tered pores; Populus canadensis: Moeneh twin-pored wood, th in-wal led t racheae; fo r 
the hard-wood trees: Robinia Pseudo-Acacia: pore rings; Acer platanoides: radial pores ; 
Juglans nigra: scat tered t racheae ; Celtis occidentalis: pore rings. 
The above da ta also give in fo rmat ion on the charac te r of mate r ia l t r anspor t . 
Preparation of drug samples. Stein par ts more t h a n six-years old were removed f r o m the 
freshly collected material . Half of t he remainder was processed wi thou t separa t ion , while t h e 
other half was separa ted into 1 —2-year-old shoots and 3—4-year-old s t e m par t s , in accordance 
with the var ious object ives of the examina t ion . The d rug samples were dr ied a t room t e m p e r -
ature, then pulverized to mesh size IV. 
Method of examination, a) P a p e r ch roma tog raphy . Paper: W h a t m a n n No. 1: ascending 
method at 22°C; mix ture : bu t ano l : e thanol : acetic acid : water ( 8 : 2 : 1 : 3 ) ; reagent solu-
t ion: Dragendorf f reagent ; tes t ma te r i a l : 1 % aqueous dilution of choline chloride. 
Quantitative determination of choline: in the fo rm of Keinecke precipi ta t ion, grav i -
m e t r i c a l l y ( L A U F K E 1 9 5 7 , B A Y E R et al. 1 9 5 8 , K A T O N A 1 9 5 8 ) . T h e s t a n d a r d d e v i a t i o n o f t h e e x -
aminat ion d a t a is below 5 % . 
1. I n t he case of mistletoe collected f rom " s o f t - w o o d " trees the d r u g samples con ta ined 
much more choline than those ob ta ined f rom mist letoe living on " h a r d - w o o d " trees (an ave rage 
of 0 .236% in the former compared to an average of 0 .148% in the l a t t e r , which means a dif-
ference of 37 .2%). 
W i t h i n drugs divided into young shoots and older stems, i r respect ive of the host t r ee , 
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Table 1 
Analytical material 
1. Samples collected from soft-uood trees 
Number 
of drug 
sample 
Host plant 
Place Time 
of collection 
l . Salix caprea L. Somogy N o v e m b e r 1967 
2. Tilia cordata Mill. Somogy N o v e m b e r 1 9 6 7 
3 . Populus canadensis Moench Somogy N o v e m b e r 1 9 6 7 
2. Samples collected from hard-wood trees 
4 . Acer platanoides L. Somogy N o v e m b e r 1 9 6 7 
5 . Robinia Pseudo-Acacia L . Somogy N o v e m b e r 1 9 6 7 
6 . Celtis occidentalis L. Somogy N o v e m b e r 1 9 6 7 
7 . Juglans nigra L. Somogy N o v e m b e r 1 9 6 7 
this d i f fe rence is na tura l ly s h o w n in the h igher chol ine con ten t s of t h e younger o rgans . As for 
the d i f f e r en t o rgans , the cho l ine c o n t e n t of y o u n g l e a f y shoots of m i s t l e t o e living on so f t -wood 
was 6 .5% h i g h e r , while t h a t of mis t l e toe shoots o b t a i n e d f rom h a r d - w o o d trees was 1 4 % h igher 
t h a n t h a t of s t e m par ts m o r e t h a n 3—6-years-o ld . 
H a v i n g compared t he t o t a l choline c o n t e n t s of drugs o b t a i n e d f r o m sof t -wood a n d h a r d -
wood t rees we examined t h e d i s t r i b u t i o n of t h e chol ine conten t in t h e young shoots a n d older 
s tem p a r t s a n d f o u n d similar d i f f e rences (Tables 1, 2). The choline c o n t e n t of young shoot aver -
aged 0 . 2 5 1 % in mistletoe l i v i n g on soft-wood a n d 0 . 1 6 4 % in d r u g s ob t a ined f rom h a r d - w o o d 
trees, c o m p a r e d to choline c o n t e n t s of 0.234 a n d 0 . 1 3 9 % , r e spec t ive ly in older s tem p a r t s . 
A c c o r d i n g l y , in m i s t l e t o e l iv ing on h a r d - w o o d the young s h o o t s conta in 3 4 . 7 % less a n d 
the older s t e m p a r t s 40 .6% less chol ine t h a n t h o s e ob t a ined f r o m s o f t - w o o d trees. If t h e d i f fer -
ent drug s a m p l e s are f u r t h e r cons ide red , in t he case of sof t -wood we f o u n d the lowes t chol ine 
content ( 0 . 2 0 2 % ) in mis t le toe o b t a i n e d f rom Populus canadensis, a n d t h e highest ( 0 . 2 6 4 % ) in 
those col lec ted f r o m Tilia cordata, w i th regard t o b o t h the leafy s h o o t , t he 3—6-year-old s t e m , 
and the t o t a l d r u g . 
Of t h e mist le toe co l l e c t ed f rom the f o u r ha rd -wood t ree species t h a t o b t a i n e d f r o m 
Juglans nigra showed the l o w e s t choline c o n t e n t ( a n average of 0 . 1 3 % ) , while those l iv ing on 
Celtis occidentalis, Robinia Pseudo-Acacia a n d Acer platanoides c o n t a i n e d on ave rage 0.137, 
0.158 and 0 . 1 6 9 % choline, r e s p e c t i v e l y (Tables 1, 2). 
On t h e bas i s of the a b o v e a n in teres t ing co r r e l a t i on was f o u n d b e t w e e n the chol ine con-
t en t of t he d r u g and the h a r d n e s s of the wood in t h e hos t t ree species . Of all the hos t t r ee s men-
t ioned Juglans nigra L. ha s t h e h a r d e s t wood. Celtis occidentalis L . is somewha t in fe r ior to i t 
in the h a r d n e s s of its wood , t h e n comes Robinia Pseudo-Acacia L . , w i t h Acer platanoides L. 
the last in the o r d e r of success ion . Of the so f t -wood t rees Tilia cordata Mill, has the so f t e s t wood , 
preceding b o t h Salix caprea L . a n d Populus canadensis Moench as r e g a r d s the looseness of the 
tissue e l e m e n t s , which is r e f l e c t e d in the chol ine synthes i s of t h e mis t l e toe l iving on t h e m . 
E x a m i n i n g the choline c o n t e n t of the d r u g in this c o n t e x t , we f o u n d t h a t t he choline 
content of t h e mist le toe d e c r e a s e s wi th the inc reas ing ha rdness of t h e wood in t he h o s t t r ee 
both in t h e y o u n g shoots a n d t h e older s tem p a r t s (Figs 1, 2). 
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Table 2 
Choline contents of mistletoes collected from different host tree species at the same site 
Choline content of 
Number 
of drug 
sample 
Hos t tree to ta l drug 
1 - 2 years 
old l ea fy 
shoot 
3 — 6 years 
old stem 
difference between younger 
and older organs 
О/ /0 
Soft-uood 
1. Salix caprea L. 0.263 
2. Tilia cordata Mill. 0.245 
3. Populus canadensis 
Moench 0.202 
Average % 0.236 
Hard-wood 
Acer platanoides L. 0.169 
Robinia Pseudo-Acacia L . 0.158 
Celtis occidentalis L. 0.137 
Juglans nigra L. 0.130 
Average % 0.148 
The chol ine content in 
d rug samples ob ta ined 
f r o m ha rd -wood trees is 
less b y 37.2 
0.272 
0 .264 
0.218 
0.251 
0 . 1 8 2 
0.175 
0.156 
0.144 
0 .164 
34.7 
0.256 
0.240 
0.208 
0.234 
0.163 
0.137 
0.133 
0.124 
0.139 
40.6 
5.9 
9.1 
4.5 
6.5 
10.4 
21.7 
13.7 
13.4 
14.0 
p e r cent t h a n in t hose col-
l ec ted f rom so f t -wood 
t r e e s 
0.30 
0 . 2 0 
0.10 
• Full drug 
Young shoot 
1Ü Older stem 
A v e r a g e of drug s a m p l e s obtained f r o m 
so f t w o o d hard w o o d 
Fig. 1. E f f e c t of d i f fe ren t hos t t r e e s living a t t h e s a m e site on t he cho l ine con ten t of t h e d r u g 
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0 .3 
0 . 2 5 
0.2 
0.15 
0.1 
0.05 
Q Fu l l drug 
Young shoot 
Ш Old t r stem 
Average of drug samples obtained from 
soft wood hard wood 
Fruit yield kg / t r ee 
Fig. 2. E f f e c t of d i f fe ren t hos t t r ees l iving a t t h e s a m e si te on the cho l ine conten t of t he d r u g . 
( A v e r a g e of s amples N o s 1 — 7) 
2. In s t u d y i n g the d i s t r i b u t i o n of t he choline c o n t e n t in the d i f f e r e n t organs of m i s t l e t o e 
l iving on Populus canadensis g r o w i n g a t var ious s i tes-we t r ied to f i n d a n answer to the q u e s t i o n 
of w h e t h e r i t w a s un i fo rmly i n f l u e n c e d by the ecological condi t ions . W e f o u n d t h a t in t h e d r u g 
sample col lec ted in the Ny í r ség t he choline c o n t e n t was higher in all t h e p l an t o rgans . 
T h e chol ine level w a s t he h ighes t in the t i n y l ea f le t s found in t h e t e rmina l b u d (0 .628, 
0.596 a n d 0 . 4 4 1 % , respec t ive ly) , fol lowed by t h e t e r m i n a l bud w i t h chol ine con ten t s of 0 .348, 
0.328 a n d 0 . 2 6 4 % . 
T h e chol ine con ten t was i n v a r i a b l y h igher in t h e young shoots t h a n in the 3 —6-year -o ld 
s t em p a r t s ( by 9.5, 10.3 a n d 4 . 8 % , respec t ive ly) i r respec t ive of the i n f l u e n c e of ecological fac -
tors (Table 3). 
Table 3 
Choline content in drugs collected from the same host tree species* 
in different regions of Hungary 
( P e r c e n t a g e chol ine c o n t e n t in t h e d i f fe ren t o r g a n s ) 
Number 
of drug 
samples 
Site of 
origin 
Choline content % ь 
total drug 
a 
young shoot 
b 
old s t em 
с 
leaf 
d 
leaf 
primordia 
e 
t e rmina l 
b u d 
f 
5 Somogy 0.210 0.218 0.208 0.229 0.441 0 .264 
1) — с in % = ± 8 e - d in % = 92.5 
6 T a t a 0.230 0.246 0.223 0.255 0.596 0.328 
1) — с ill % = 10.3 e — d in % = 133.7 
7 Nyírség 0.247 0.258 0 .235 0.276 0.628 0.348 
b — с in % = 9.5 e — d in o, — 1 2 7 /о — 
* H o s t t r ee : Populus canadensis Moench 
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Table 4 
Changes in the choline content during vegetation 
A) In drugs obtained from soft-wood 
Number 
of drug 
sample 
Host tree Time of 
collection 
Total drug 1 - 2-years-
old shoot 
3 — 6-years 
old-stem 
% 
2 . Salix caprea L . May 0 . 2 4 4 0 . 2 5 0 0 . 2 3 8 
A u g u s t 0 . 2 5 2 0 . 2 5 9 0 . 2 4 1 
N o v e m b e r 0 . 2 6 0 0 . 2 7 0 0 . 2 5 2 
F e b r u a r y 0 . 2 7 6 0 . 2 8 3 0 . 2 7 2 
4 . Tilia cordata Mill. May 0 . 2 3 5 0 . 2 3 7 0 . 2 2 8 
A u g u s t 0 . 2 4 0 0 . 2 4 8 0 . 2 3 6 
N o v e m b e r 0 . 2 4 8 0 . 2 5 6 0 . 2 4 2 
F e b r u a r y 0 . 2 6 8 0 . 2 7 4 0 . 2 5 8 
B) In drugs obtained from hard-wood 
9. I Acer platanoides L . 
11. Robinia Pseudo-Acacia L. 
May 
A u g u s t 
N o v e m b e r 
F e b r u a r y 
May 
A u g u s t 
N o v e m b e r 
F e b r u a r y 
0 . 1 6 8 
0 . 1 7 6 
0 . 1 8 0 
0 . 1 8 7 
0 . 1 5 8 
0 . 1 6 5 
0 . 1 7 1 
0 . 1 7 9 
0.175 
0.180 
0.189 
0.197 
0.171 
0.181 
0.183 
0.187 
0 . 1 6 4 
0 . 1 6 7 
0 . 1 7 2 
0 . 1 8 4 
0 . 1 4 8 
0 . 1 5 4 
0 . 1 6 3 
0 . 1 7 1 
3. A t t he end of o u r expe r imen ta l series, we followed t h e c h a n g e s in the c h o l i n e con ten t 
in t he course of the v e g e t a t i o n period in s a m p l e s collected f r o m " s o f t - w o o d " and " h a r d - w o o d " 
t rees . W e a imed at d e t e r m i n i n g the o p t i m u m t i m e for collecting t h e drug, since Viscum album 
f o u n d on b o t h t ypes of t r e e is required for c o m m e r c i a l pu rposes . 
T h e lowest chol ine c o n t e n t was f o u n d in e a c h case in p l a n t mater ia l co l l ec t ed in May, 
when t he d e v e l o p m e n t of t h e new foliage s t a r t e d a f t e r the w i n t e r period. F r o m t h a t t i m e on 
the chol ine c o n t e n t g r a d u a l l y increased, r e a c h i n g a m a x i m u m b y t he end of t h e v e g e t a t i o n 
per iod in F e b r u a r y ( T a b l e 4). 
All these resul ts c o n f i r m our h y p o t h e s i s t h a t , apa r t f r o m t h e meteorological a n d ecolog-
ical cond i t i ons , the t i ssue s t r u c t u r e of the h o s t t r e e as well as t h e absorbed n u t r i e n t s a n d the 
process of t r a n s p i r a t i o n m a y influence t h e cho l ine con ten t of mi s t l e toe . 
P r e p a r e d a t t h e I n s t i t u t e of P h a r m a c o g n o s y of the Semmelwe i s Medical U n i v e r s i t y , 
B u d a p e s t 
K . L U K I N I C H - H A R T Y Ä N I , G . V E R Z Á R - P E T R I , 
E . P E T H E S 
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P H E N O T Y P I C S T A B I L I T Y O F S E E D Y I E L D I N L I N S E E D 
( L I N U M U S I T A T I S S I M U M L.) 
Linseed is e x t e n s i v e l y grown as a n oil-seed crop in t h e no r the rn ( I n d o g a n g e t i c ) and cen-
t r a l (peninsular) p a r t s of India , under v a r i e d agroel imat ic cond i t ions . I t is, t h e r e f o r e , necessa ry 
f o r t h e linseed b r e e d e r t o test a v a r i e t y f o r stable p e r f o r m a n c e in bo th t h e s e regions before i t 
c a n b e r e c o m m e n d e d f o r general c u l t i v a t i o n . In recent y e a r s , it has been poss ib le to m e a s u r e 
t h e geno type e n v i r o n m e n t in te rac t ion a s a linear f u n c t i o n of e n v i r o n m e n t a l means . 
In order to a s s e s s t he p e r f o r m a n c e of newly b red g e n o t y p e s of l inseed in t hese r ep resen-
t a t i v e areas, the i r s t a b i l i t y pa ramete r s w e r e s tudied us ing t h e regression a p p r o a c h developed b y 
EBERHART- RUSSELL (1966). The r e s u l t s of this s t u d y a r e repor ted in t h e p re sen t a r t ic le . 
Bulk p o p u l a t i o n s were deve loped f r o m single a n d t h r e e way crosses b e t w e e n I n d o g a n -
g e t i c a n d pen insu la r va r i e t i e s and b e t w e e n Indian a n d e x o t i c varieties of l i n seed , in order t o 
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Table 1 
Combined analysis of variance for plot yield in linseed 
Source d.f. MSS F 
Varie t ies 13 ; 4 264.94 
6 1 636 271.66 
1.89* 
281 .46** E n v i r o n m e n t s 
V a r s . x envs. 
Regressions 
78 
13 
65 
273 
2 260.62 
2 918.56 
2 129.04 
575.00 
3 .93** 
1.37 + 
3 .70** Rema inde r 
Pooled error 
* S i g n i f i c a n t a t 5 % ; ** significant a t 1 % 
+
 Non- s ign i f i c an t aga ins t r e m a i n d e r MSS a n d significant a t 1%, against pooled e r ro r 
breed wil t a n d r u s t res is tant t y p e s . Seeds of morpho log ica l l y similar g e n o t y p e s f rom t h e p o p u l a -
t ion of each cross in an a d v a n c e d genera t ion were m i x e d , the p r o g e n i e s of which g a v e r ise to 
Bulk Select ion series (B. S. Nos . ) . Twelve such B . S. Nos., along w i t h two control v a r i e t i e s , 
S.36 and T - 3 9 7 , cons t i t u t ed t h e m a t e r i a l of the p r e s e n t exper iment . T h e y were grown a t s even 
locat ions in M a u r a n i p u r (UP) , T h a s r a (Gujra t ) , G h a z i p u r (UP), K a n p u r ( U P I A S , U P ) , K a n p u r 
( B R S , U P ) a n d Varanas i ( U P ) . A l though the l o c a t i o n s were se l ec ted f r o m only t w o s t a t e s 
( indica ted in pa ren thes i s ) , t h e loca t ions were agroc l imat ica l ly d i f f e r e n t within e a c h s t a t e . 
E a c h e x p e r i m e n t was conduc t ed in a randomised c o m p l e t e block d e s i g n w i th four r e p l i c a t i o n s 
dur ing t he w i n t e r season of 1967—68 . A plot c o n s i s t e d of five rows e a c h 3.5 m in l e n g t h w i th 
30 cm and 15 c m as in ter row a n d in t ra row spaces . T h e plot yield i n g r a m s was m e a s u r e d on 
bu lked seed of t h e middle t h r e e rows . 
S t a b i l i t y p a r a m e t e r s fo r y i e ld s of ind iv idua l va r i e t i e s were c o m p u t e d using t he fo l lowing 
model de r ived b y EBERHART a n d RUSSELL (1966) : 
Uj = m e a n of i t h v a r i e t y over all e n v i r o n m e n t s , 
В,- = regression coe f f i c i en t of i th v a r i e t y , which measures t h e response of i t h v a r i e t y 
6j j = devia t ion f r o m regression of i t h v a r i e t y a t y'th e n v i r o n m e n t , 
11 = e n v i r o n m e n t a l i n d e x obtained as t h e mean of all t h e var ie t ies at y ' t h e n v i r o n -
The regress ion coef f ic ien t w a s e s t ima ted b y regressing t h e yield means (У/у) fo r a 
va r i e ty f r o m seven respect ive l oca t i ons onto c o r r e s p o n d i n g e n v i r o n m e n t a l indices ( fy) . 
The d e t a i l s of c o m p u t a t i o n of these p a r a m e t e r s have been desc r ibed by EBERHART— 
RUSSELL. 
T h e v a r i e t y e n v i r o n m e n t ( V E ) i n t e r ac t i on w a s s ignif icant a g a i n s t the poo led e r ro r , 
ind ica t ing t h a t t h e variet ies r e s p o n d e d s ign i f i can t ly to the v a r y i n g env i ronmen t s . S i g n i f i c a n t 
V E i n t e r a c t i o n is prerequis i te f o r t h e type of a n a l y s i s under s t u d y . A f t e r ascer ta in ing t h a t V E 
in te rac t ion w a s s igni f icant , v a r i e t i e s and e n v i r o n m e n t s were t e s t e d agains t V E i n t e r a c t i o n . 
The s ign i f i can t di f ferences w e r e observed b e t w e e n t h e varieties as we l l as between t h e e n v i r o n -
ments . V E i n t e r a c t i o n was f u r t h e r divided into i t s l i nea r and n o n - l i n e a r (residual) c o m p o n e n t s . 
B o t h were s i g n i f i c a n t aga ins t t h e pooled error , s u g g e s t i n g tha t V E i n t e r a c t i o n was a t t r i b u t a b l e 
Yij = u, + B j l j + ô i j t  
Where Xtj = m e a n yield of i t h var ie ty a t y'th env i ronment , 
to several e n v i r o n m e n t s . 
m e n t minus g r a n d mean. 
5* Acta Agronomica Academiae Scientiarum Hungaricae 27, 1971t 
Table 1 
Phenotypie performances of fourteen varieties of linseed in seven locations with their overall means ( X ) , regression coefficients (b), 
standard errors of regression coefficients (S/,) and deviations from regressions (s%) 
Location 
Var ie ty 
Mauran ipu r Thas ra Bardol i Ghazipur 
K a n p u r 
( U P I A S ) 
K a n p u r 
( R R S ) Varanas i 
Mean 
(X) 
Reg. 
coeff. 
(b) 
S t a n d a r d 
error 
(S») 
Dev. f rom 
™8- (53) 
B.S.2 106 225 95 427 471 709 254 335.3 0.98** 0.07 590.89 
B.S.3 87 281 56 320 446 702 283 310.7 1.02** 0.06 354.79 
B.S.10 98 218 75 363 460 824 271 329.9 1.19** 0.08 1309.59** 
B . S . l l 77 243 56 273 437 748 276 301.4 1.08** 0.10 1988.76** 
B.S.12 76 242 70 509 480 642 277 328.0 1.00** 0.12 3295.54** 
B.S.14 70 225 40 311 389 712 223 281.4 1.05** 0.06 398.28 
B.S.25 40 175 56 310 375 513 260 247.0 0.79** 0.06 559.86 
B.S.30 74 237 72 476 422 644 247 310.3 0.98** 0.10 2002.31** 
B.S.33 99 218 67 473 417 629 253 308.0 0.94** 0.10 2171.04** 
B.S.39 82 281 42 285 416 574 259 277.0 0.84** 0.07 890.34* 
B.S.44 77 375 65 307 452 720 276 324.6 1.02** 0.12 3368.03** 
B.S.50 103 243 95 316 465 711 284 316.7 1.00** 0.07 589.67 
S.36 80 243 67 445 470 619 251 310.7 0.96** 0.08 1296.77** 
T-397 79 300 78 386 494 757 218 330.3 1.13** 0.06 499.64 
Mean 86.3 250.4 66.7 371.5 442.4 678.9 259.4 307.9 
S .E. + 17.97 
C.D. 49.24 
E n v i r o n m e n t a l index - 2 2 1 . 6 — 57.5 -241.2 63.6 134.5 370.9 — 48.5 
* S ign i f ican t a t 5 % ; ** s ign i f ican t a t 1% 
VARIA 3 7 7 
to linear as well as to non-l inear components . BREESE (1969) referred to these componen ts as 
the pred ic tab le and non-predic table parts of V E interact ion, respect ively. These results are sum-
marized in Tab le 1. 
T h e per formance of a va r i e ty under v a r y i n g envi ronments was measured wi th the aid 
of the fol lowing parameters : (1) mean of the v a r i e t y over all the env i ronmen t s (X) , (2) regres-
sion coeff ic ient (b), and (3) devia t ion f rom regression (sjj). According to EBERHART—RUSSELL 
(1966), a s tab le variety is one t h a t shows high mean uni t regression (b = 1.0) and m i n i m u m 
possible dev ia t ion from regression (s^ = 0). In t h e context of these considerat ions, there were 
four var ie t ies , namely, B.S.2, B.S.10, B.S.12 a n d T-397 tha t showed a relatively be t t e r perfor-
mance w h e n their mean va lues were compared wi th the grand mean (307.9 + 17.97). Of these, 
B.S.10 and B.S.12 had s ignif icant deviations f r o m their regressions a n d therefore , their superior 
per formance could not be accoun ted for b y t he l inear component of V E interact ion (Table 2). 
For the r emain ing two var ie t ies , B.S.2 and T-397, the V E in terac t ion was largely due to the 
linear p a r t , as their deviat ions f rom the regressions were non-signif icant . However , no signifi-
cant d i f ference was observed between these t w o variet ies in respect of their mean yield (CD = 
49.24). Since the i r regression coefficients did n o t differ significantly f r o m un i ty , the two varie-
ties can be considered stable b o t h for favourable and non-favourable envi ronments , which were 
measured in t e rms of plus a n d minus env i ronmenta l indices, respect ively. 
P repa red at the Division of Genetics, I n d i a n Agricultural Resea rch Ins t i tu te , New Delhi 
O . P . M A K H I J A , S . CHANDRA 
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T H E E F F E C T OF G I B B E R E L L I C ACID O N G R O W T H O F D A T U R A M E T E L L. 
One of the most i m p o r t a n t medicinal p lan t s is Datura metel L. Although a lot of work 
dealing w i t h the influence exe r t ed by gibberellic acid on plant g rowth has been conduc ted on 
several species of Datura, t h e l i terature concerning Datura metel in th i s respect is still scan ty . 
Most of t h e d a t a available in this area of research point to the s t imula t ive effect of GA on 
growth in cer ta in species of Datura (SMITH—SCIUCHETTI 1959, AMHROSE—SCIUCHETTI 1962). 
T h e work reported here in was carried o u t to investigate the influence exer ted b y GA3 
upon cer ta in aspects of g r o w t h in Datura metel. 
Since the method of t r ea t ing the p lan t s w i t h growth regula tors is l ikely to de te rmine the 
nature of t h e response shown b y the growth, the GA3 was suppl ied to the plants t h r o u g h o u t 
the present investigation by t w o methods. One of t h e m involved soaking the seeds in t he g rowth 
substance before sowing, whereas in the second, the same compound was added to the plants 
as a foliar spray . 
Th i s s t udy was carr ied ou t on Datura metel in the 1970 season, then repeated in t h a t of 
1971, a t t h e F a r m of the B o t a n y Labora tory , Nat iona l Research Centre , Cairo, E g y p t . 
T h e seeds were sown in seed beds on March 23rd in b o t h seasons. The seedlings were 
t r ansp lan ted one month a f t e r sowing into clay po t s (25.4 cm in d i ame te r ) containing f resh Nile 
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silt and sand in t he proport ion of 3 : 1. A mixture of fert i l izers was added consist ing of 4g a m m o -
nium sulphate , 5 g supe rphospha te and 2 g po tass ium su lpha te per po t . In bo th seasons the re 
were four rep l ica tes for each of t h e concent ra t ions ( t r e a t m e n t s ) used. E a c h replicate was repre-
sented by 7 p o t s , each conta in ing two plants , more or less homogeneous a t t he s tar t of exper i -
menta t ion . T h e replicates were a r r anged in a comple te randomized block design. 
GA3 (Gibberell ic acid) w a s appl ied in bo th seasons by one of t he following m e t h o d s : 
1. Sp ray ing : the seedlings were sprayed twice, once 3 weeks a f t e r t r ansp lan ta t ion , a n d 
again a week l a t e r . Spraying was carr ied out using a small pressure p u m p . J u s t sufficient of t he 
solution was s p r a y e d to completely cover the p lan t fol iage unt i l it began to drip. 
2. Soak ing : the seeds were soaked before sowing for 12 hours in t he growth regu la to r 
used. 
For b o t h types of appl ica t ion four GA3 concen t ra t ions were e m p l o y e d : 0 (control), 25, 
100 and 400 p p m (in distilled wa te r ) . 
The e s t i m a t i o n of p lant he igh t (main s tem) as well as count ing the number of e i the r 
branches or l eaves (per p lant ) were carried out in bo th seasons a t 7 -day- in te rva l s (beginning 
f rom the 11th week af ter sowing in the case of p lan t he igh t or the n u m b e r of leaves, and f r o m 
the 13th week a f t e r sowing in t h e case of the n u m b e r of branches) . In add i t ion , three samples 
were taken f r o m each t r e a t m e n t , a t abou t one-month- in te rva l s . The f i r s t was harves ted a t l a t e 
vegetat ive grow t h (about 84 days f r o m plant ing) ; t he second sampling took place during f lower-
b u d opening ( f ru i t set t ing has no t ye t begun at t h a t t ime) , whereas the t h i r d sample was t a k e n 
during f ru i t m a t u r a t i o n (meanwhi le , t he p lan ts sampled migh t still car ry some flowers t h a t h a d 
no t yet set f ru i t s ) . At the f i r s t s ampl ing date (in b o t h seasons), e ight p l a n t s f rom four p o t s 
were used, w h e r e a s a t both the second and thi rd sampl ing dates , four p lan t s f r o m four d i f fe ren t 
po ts were t a k e n . T h e roots were carefu l ly cleaned f r o m sand and silt par t ic les . Each p lan t 
was separated in to leaves, s t ems including lateral b ranches , and roots . T h e detached o rgans 
were oven-dried a t 105°C for 24 hour s , then the d r y weight was de t e rmined . 
The d a t a presented in Tab l e s 1, 2 and 3 show t h a t GA3 , appl ied e i the r as a spray or as a 
soaking m e d i u m , generally led to a s t imula t ing effect on the growth , as well as on the n u m b e r 
of either b ranches or leaves per p l a n t . In most cases this s t imula t ing ef fec t appeared to become 
much more p ronounced as the G A 3 concent ra t ion was increased. 
Concerning the changes i nd i ca t ed in dry weight , as shown in Tab le 4, it might be pref-
erable to compare the values o b t a i n e d at the last sampl ing da te only (i.e. a t the f ru i t m a t u r a -
t ion stage). Th i s would seem to be of more benef i t in showing how the d i f fe ren t methods of 
applying the grow t h substance could af fec t the net accumula t ion of d ry m a t t e r th roughout t he 
growth period. Such values (Tables 4 and 5) revealed t h a t t he appl ica t ion of GA3 , whether as 
a spray or as a soaking medium, t e n d e d in most cases to s t imula te the d ry m a t t e r accumula t ion 
in either leaves or s tems. In add i t i on , it appeared in b o t h seasons, t h o u g h t h e differences were 
s tat is t ical ly ins ign i f ican t , t h a t t h e d r y weight of the roo ts also t ended to be increased, so long 
a s the GA3 was appl ied as a soaking m e d i u m ; bu t an opposi te p ic ture was generally ob ta ined 
fo r this organ in t h e same respect when using the sp ray ing m e t hod . F u r t h e r m o r e , it was shown 
t h a t the s t i m u l a t i n g effect caused b y GA 3 on the d r y m a t t e r accumula t ion in different o rgans 
was most obvious a t i ts highest level , except in the case of s tems when using t h e spraying m e t h o d , 
when the h ighes t values ob ta ined resul ted f rom the lowest concen t ra t ion . 
Our d a t a concerning the pos i t ive response of g rowth to GA3 t r e a t m e n t s are in h a r m o n y 
wi th many f i nd ings on Datura p l a n t s (JAMES— SIIUCHETTI 1964, SAID et al. 1964). Fu r the rmore , 
t h e t rend observab le in the l i t e r a tu re in this regard po in t s in most cases in the same direction 
(SMITH SCIUCHETTI 1959 on Atropa helladomu», BAZ 1970 on Gerbera Jamesonii, SRIVASTAVA— 
ADHIKARI 1972 on onions). 
According to our results, t h e s t em dry weight a t t h e f ru i t m a t u r a t i o n stage was gen-
erally shown to be increased due to GA 3 appl icat ion. Th i s observa t ion agreed wi th other f ind ings 
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T a b l e 1 
Average plant height of D. metel plants (cm/plant) as affected by different GA3 treatments 
Plan t age (weeks f rom sowing) 
GA„ conc. 
(ppm) 11 12 13 14 13 16 17 18 19 
a Ь a b a j Ь a j Ь а Ь a 1 Ь a b a ! h a j b 
1970 season 
0 7.5 4.7 11.8 8.9 18.9 12.0 23.9 17.9 26.8 26.1 28.1 29.1 29.6 30.0 30.2 37.7 33.5 39.5 
25 9.5 6.9 15.4 10.3 23.5 16.1 26.7 21.4 29.1 26.3 29.1 29.7 30.0 33.1 32.7 38.7 36.5 41.8 
100 10.6 8.2 16.5 14.9 25.0 22.7 33.3 27.1 34.8 33.0 36.2 35.9 37.8 39.4 41.7 40.7 42.5 44.3 
400 10.4 8.5 19.9 13.2 31.1 23.5 36.0 29.5 39.1 39.9 42.0 40.2 42.1 42.9 42.9 49.6 48.6 55.0 
L .S .D. N.S. 
a t 5 % 
level 1.5 4.8 2.4 4.5 3.4 5.5 3.9 4.3 4.6 8.0 6.9 7.7 6.9 5.2 7.0 9.6 5.2 
1971 season 
0 16.6 10.6 25.4 19.5 29.6 24.5 32.6 30.1 34.9 34.0 35.6 36.1 39.4 38.2 40.0 40.1 43.2 43.7 
25 19.9 10.6 28.6 19.3 34.5 25.1 37.2 31.8 42.7 35.8 43.9 39.1 45.1 39.3 50.5 41.9 51.3 4.47 
100 23.5 11.0 34.8 19.7 40.6 26.0 42.6 32.8 48.0 36.5 50.0 39.7 57.2 42.6 61.6 43.6 61.6 46.0 
400 24.2 11.8 35.7 21.0 43.5 26.2 47.5 33.4 52.0 38.0 55.0 42.0 60.2 45.4 62.5 45.5 63.5 47.5 
L.S.D. 
a t 5 % 
level 2.3 0.8 3.2 N.S. 2.5 N.S. 2.6 N.S. 3.6 N.S. 13.2 3.7 1.6 2.5 2.6 N.S. 5.4 N.S. 
a = sp ray ing 
b = soaking 
Table 2 
Average number of branches per plant in D. metel as affected by different GA3 treatments 
Plan t age (weeks f r o m sowing) 
GA, cone. ! 
(ppm) 13 14 15 16 17 18 19 
1 a b а Ь a 1 b a b a
 | b a J b a I li 
1970 season 
« 2.5 1.3 3.3 2.0 4.8 3.3 6.6 4.9 7.0 5.7 7.7 7.6 9.8 10.7 
25 2.6 0.0 5.0 0.0 5.5 4.0 7.3 5.3 8.3 6.2 9.0 8.8 9.0 11.2 
100 2.7 2.0 5.6 2.1 7.8 5.4 8.3 8.0 9.6 10.8 12.4 11.3 12.4 12.5 
400 2.8 2.7 6.7 3.3 11.0 7.5 12.3 9.3 13.1 12.0 16.7 13.5 20.2 15.0 
L.S.D. a t 5 % level N.S. 1.2 2.2 1.1 3.6 2.9 3.9 2.7 3.1 3.2 3.5 2.7 2.6 2.9 
1971 season 
0 4.9 3.7 1 5.3 4.6 6.5 4.9 8.0 5.9 9.7 6.4 11.5 9.9 12.6 10.3 
25 6.0 2.6 8.0 3.8 8.9 4.9 11.6 6.7 13.2 : 6.9 15.3 10.4 18.8 11.6 
100 6.7 4.0 8.2 4.2 8.9 5.2 12.1 7.2 14.8 7.3 18.3 11.1 21.1 12.3 
400 7.8 4.4 8.3 5.7 9.3 6.6 15.0 7.5 16.9 10.1 19.9 12.7 24.5 14.7 
L.S.D. a t 5 % level 1.0 1.2 1.1 I.I 1.3 N.S. 1.7 N.S. 0.9 1.8 2.1 N.S. 1.9 N.S. 
a - sp ray ing 
1) = soaking 
Table 1 
Average number of leaves per plant in D. metel as affected by different GAb treatments 
Plimt age (weeks f r o m sowing) 
GAS соnc. 
(ppm) и 12 13 и 15 16 17 18 19 
a ь » Ь a ь a b a b a ь a ь a ь a ь 
1970 season 
0 
25 
100 
400 
5.3 
5.3 
5.4 
5.7 
5.7 
5.7 
6.4 
7.2 
8.0 
8.2 
8.7 
9.7 
7.2 
7.6 
9.8 
9.8 
11.1 
12.5 
13.0 
14.6 
8.3 
9.0 
10.5 
10.9 
13.9 
14.7 
16.3 
18.7 
9.0 
10.0 
12.3 
13.5 
14.4 
16.1 
22.1 
31.6 
12.4 
13.7 
16.7 
17.4 
14.6 
19.5 
22.2 
43.3 
13.4 
15.5 
18.4 
19.4 
16.8 
19.9 
22.4 
39.9 
15.5 
20.5 
24.0 
27.9 
18.5 
20.1 
27.9 
43.6 
24.4 
24.7 
25.8 
28.0 
19.3 
22.3 
31.0 
45.3 
26.4 
29.6 
31.5 
34.6 
L . S . D . 
level N.S. N.S. N.S. 1.4 2.3 2.2 3.4 2.5 5.0 2.8 5.0 2.5 5.6 5.1 4.3 N.S. 7.8 N.S. 
1971 season 
0 
25 
100 
400 
8.8 
9.8 
11.5 
12.0 
8.0 
7.9 
8.1 
8.2 
13.8 
15.3 
15.6 
15.9 
11.5 
11.1 
11.6 
12.0 
14.2 
17.4 
17.8 
21.8 
13.8 
13.0 
14.9 
16.0 
18.7 
20.1 
21.1 
22.3 
15.6 
16.9 
17.3 
18.1 
22.3 
26.2 
30.5 
31.2 
18.4 
19.2 
19.8 
20.5 
22.6 
29.0 
31.9 
34.8 
20.0 
21.1 
22.7 
27.3 
23.0 
37.8 
38.4 
45.4 
23.5 
24.3 
26.4 
30.0 
24.9 
39.3 
39.4 
47.8 
24.7 
27.0 
29.1 
31.2 
27.8 
42.4 
48.1 
52.4 
29.5 
30.1 
30.6 
35.7 
L . S . D . 
a t 5 % 
level 1.2 N.S. N.S. N.S. 1.8 1.8 N.S. N.S. 2.6 N.S. 2.9 5.4 2.5 N.S. 1.6 N.S. 3.9 N.S. 
a = sp ray ing 
b = soaking 
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Table 4 
Dry wejght of D. metel plants (g/plant) as affected by Ga3 treatments 
Deve lopmenta l s tages L a t e vege ta t ive growth F lower -bud opening Fru i t m a t u r a t i o n 
P lan t organ G A 3 cone , (ppnt) Sp ray ing Soaking S p r a y i n g Soaking Spray ing Soak ing 
1970 season 
0 2.6 0.9 7.4 4.6 9.2 9.8 
Leaves 25 3.0 1.2 9.0 5.9 10.4 11.9 
100 3.2 1.2 9.8 7.4 15.1 12.5 
400 3.4 1.7 10.3 7.1 15.6 14.6 
L .S .D. a t 5 % level N .S . N.S. N .S . N.S. 4.8 N .S . 
0 0.5 0.2 3.3 1.9 7.1 7.2 
25 0.6 0.2 5.1 2.3 8.5 7.6 
S tems 100 0.7 0.2 4.3 4.0 8.1 10.2 
400 1.2 0.3 3.8 4.0 7.2 12.8 
L .S .D . a t 5 % level 0.4 N.S. N .S . 1.6 N.S. 2 .3 
0 0.6 0.2 3.1 1.9 6.2 5.4 
25 0.7 0.3 3.4 2.0 5.5 6.1 
Roo t s 100 0.6 0.3 3.0 4.2 5.3 6.9 
400 0.6 0.4 3.0 4.4 4.5 7.3 
L .S .D. a t 5 % level N .S . N.S. N .S . 1.2 N.S. N .S . 
1971 season 
0 3.6 2.4 8.2 7.1 7.4 7.5 
25 4.0 2.8 8.6 7.1 9.4 7.6 
Leaves 100 4.3 2.9 8.9 7.2 9.9 7.6 
400 4.3 3.2 9.2 8.7 10.7 8.6 
L .S .D. a t 5 % level N .S . 0.5 N.S . N.S. 1.3 N .S . 
0 1.9 0.8 6.9 4.2 9.1 10.2 
25 3.0 0.7 9.4 4.7 12.8 12.5 
S tems 100 3.0 0.9 8.4 4.8 11.8 13.7 
400 3.9 1.4 8.2 5.9 11.2 14.6 
L .S .D. a t 5 % level 0.7 1.0 1.0 N.S. 2.0 N .S . 
0 1.5 0.6 5.4 3.3 6.4 7.0 
25 1.7 1.0 5.0 4.3 6.4 7.9 
Roo t s 100 1.4 1.1 4.8 4.4 6.2 7.9 
400 1.3 1.4 4.0 4.7 5.5 8.0 
L .S .D. a t 5 % level 0.4 0.3 N.S . N.S. N.S. N .S . 
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Table 5 
Dry weight of D. metel plants at fruit maturation stage as °/0 of control, (i.e. 0 ppm) as affected by 
G 43 treatments 
Plant organ GA, cone. 
1970 season 1971 season 
(ppm) Spraying Soaking Spraying Soaking 
25 113 .04 1 2 1 . 4 3 1 2 7 . 0 3 101 .33 
Leaves 100 1 6 4 . 1 3 127 .55 133 .78 101 .33 
4 0 0 169.57 148 .98 144 .59 114 .67 
25 119 .72 1 0 5 . 5 6 1 4 0 . 6 6 122 .55 
Stems 100 114 .08 1 4 1 . 6 7 129 .67 134 .31 
4 0 0 101 .41 1 7 7 . 7 8 123 .08 143 .14 
25 88 .71 1 1 2 . 9 6 1 0 0 . 0 0 112 .86 
Root s 100 85 .48 1 2 7 . 7 8 9 6 . 8 8 112 .86 
4 0 0 7 2 . 5 8 1 3 5 . 1 9 8 5 . 9 4 114 .29 
on Datura p l a n t s (SMITH -SCIUCHETTI 1959, AMBROSE—SCIUCHETTI 1962). T h i s increase in 
d r y m a t t i r a c c u m u l a t i o n could be p a r t l y a t t r i b u t e d to t h e s t i m u l a t e d g r o w t h a n d p a r t l y to 
t he enhanced b r a n c h i n g ; the l a t t e r t w o t ypes of o b s e r v a t i o n h a v e been o b t a i n e d in the present 
as well as in some o t h e r i nves t iga t ions (JAMES SCIUCHETTI 1964, SAID et al. 1964). On t he 
o t h e r h a n d , the s t i m u l a t i v e e f fec t of GA:I on t he d r y we igh t of leaves (per p l an t ) , be ing shown 
a t t he f ru i t m a t u r a t i o n stage in t he p re sen t s t u d y , m i g h t h a v e resu l ted in p a r t f r o m an increase 
in t o t a l leaf a rea pe r p l a n t . T h a t GA could lead to a s t i m u l a t i v e ef fec t on t he n u m b e r of leaves 
p e r p lan t has been shown in ou r resu l t s as well as in those of some o t h e r i nves t iga to r s on 
Datura stramonium (SAID et al. 1964). F u r t h e r m o r e , in t he l i t e r a tu re t h e r e are ce r t a in d a t a 
ind ica t ing the p r o m o t i v e inf luence of gibberel l in on t he leaf size of t e a p l a n t s (PILET—WURG-
LEH 1958) a n d t o b a c c o (GOPALACHARI — NAIDU 1961). I n th i s r ega rd it m i g h t be added t h a t 
HAYASHI (1961), in e x p e r i m e n t s w i t h t o m a t o a n d rice t r e a t e d wi th GA, no t i ced an increase in 
t h e p h o t o s y n t h e t i c a c t i v i t y of t he whole p l an t owing to t he increase in leaf a r ea , t he p h o t o s y n -
the t i c ac t iv i t y pe r u n i t leaf area be ing u n c h a n g e d u n d e r these condi t ions . Based on th i s t y p e 
of obse rva t ion , it m a y he t h a t a s imi lar increase in t he p h o t o s y n t h e t i c a c t i v i t y pe r p l an t h a s 
resul ted due to t he use of GA 3 in ou r e x p e r i m e n t s , t h r o u g h an increase in t he t o t a l leaf a rea . 
Such a rise in t h e p h o t o s y n t h e t i c a c t i v i t y per p l a n t could h a v e c o n t r i b u t e d p a r t l y to the s t imu-
la t ing effect on d r y m a t t e r a c c u m u l a t i o n u n d e r such cond i t ions . 
Our d a t a o b t a i n e d a t t h e f r u i t m a t u r a t i o n s tage i nd i ca t ed f u r t h e r t h a t t he m e t h o d b y 
which GA3 app l i ed to the p l a n t s a p p e a r e d to d e t e r m i n e to some e x t e n t t he t y p e of response 
shown by d ry m a t t e r a c c u m u l a t i o n in t he roo t s . Such c o n t r a d i c t o r y e f fec t s m i g h t be p a r t l y 
i n t e rp re t ed in t e r m s of the aux in level in th i s o r g a n . T h e r e are several r e p o r t s (PALEG 1965) 
showing the inc rease in the a u x i n level in p l a n t s fo l lowing t he app l i ca t ion of GA. In the l ight 
of th is t y p e of o b s e r v a t i o n , it m a y be t h a t b o t h t h e s p r a y i n g a n d soak ing m e t h o d s of GA 3 
appl ica t ion could h a v e raised t h e a u x i n c o n c e n t r a t i o n in t he roo ts , p a r t i c u l a r l y t he f o r m e r 
m e t h o d . I t s eems f u r t h e r t h a t us ing t h e s p r a y i n g m e t h o d , the a u x i n level a t t a i n e d in t he roo t s 
w a s s u p r a o p t i m a l , t h u s r e t a r d i n g t h e e longa t ion of t h i s o rgan . In th i s r ega rd , THIMANN (1937) 
suggested t h a t t h e roo t s have a lower th resho ld of a u x i n sens i t iv i ty . On t he o t h e r h a n d , u n d e r 
cer ta in cond i t i ons , gibberell ic acid could m a r k e d l y increase t he n u m b e r of l a t e ra l s in i t i a ted a n d 
the early g r o w t h of t he se la te ra l s in cu l tu red t o m a t o r o o t s (STREET 1966). I t m i g h t be sugges ted , 
in view of such f i n d i n g s , t h a t a s imi lar t y p e of e f fec t r e su l t ed when ou r e x p e r i m e n t a l p l a n t s 
were t r e a t e d w i t h GA 3 , especially w h e n t he g rowth s u b s t a n c e was suppl ied as a soaking m e d i u m . 
T h e e n h a n c e m e n t of la te ra l roo t f o r m a t i o n t h u s o b t a i n e d migh t be r e g a r d e d as c o n t r i b u t i n g 
p a r t l y to t h e inc reased dry weight of the roo t s u n d e r these condi t ions . 
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DATA O N T H E - B L I S T E R I N G B R E A S T " D I S E A S E O F M E A T C H I C K E N S K E P T I N 
C A G E S 
P o u l t r y breeding in cages has become a wide-spread p r ac t i c e in r ecen t decades . K e e p i n g 
layers in cage is now cons ide red to be an e f f i c i e n t m e t h o d . H o w e v e r , ra is ing m e a t ch ickens in 
cages i n v o l v e s m a n y p r o b l e m s , even t o d a y . T h i s is because t he ch ickens c o n s t a n t l y c h a n g e 
unti l t h e age of seven—eight weeks , not only in we igh t a n d size, b u t also in qua l i t y . These c h a n g e s 
mus t be fo l lowed f rom t e c h n i c a l , feeding a n d v e t e r i n a r y p o i n t s of view. 
A m o n g the t echn ica l p rob l ems b o t t o m g ra t ing is of cons iderab le i m p o r t a n c e . M e a t 
chickens k e p t in cages o f t e n s h o w a c h a r a c t e r i s t i c s y m p t o m k n o w n , for w a n t of a b e t t e r n a m e , 
as " b l i s t e r i n g b r e a s t " . A t p r e s e n t the gene ra l opin ion is t h a t t he disease is caused b y t h e 
meta l b o t t o m grat ing. R e p l a c i n g the m e t a l g r a t i n g by one m a d e of s y n t h e t i c m a t e r i a l is a n 
obvious , t h o u g h not a c h e a p solu t ion . E x p e r i e n c e shows t h a t t he disease c a n n o t be t o t a l l y 
e l imina ted even then , no t t o m e n t i o n the f a c t t h a t in deep l i t t e r sy s t ems s imilar d i so rders h a v e 
been desc r ibed by OLSON et al. (1954), WILLS (1954) and BIGLAND—BROWN (1955), a n d b y 
DERZSY et al. (1960) in H u n g a r y . 
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Unfor tuna t e ly , the au tho r s are at a loss as to the pathology of t he disease; they consider 
t h a t it m a y be infectious, b u t none of them has succeeded in ident i fy ing the pathogen. 
I t follows t h a t even if the b o t t o m grat ing plays a decisive role in the development of 
the disease, th is role is not exclusive. 
The re levant l i terature deals, a lmost wi thout except ion, wi th the f requency of incidence 
under given ci rcumstances (GRATZL— KÖHLER 1968, LANGVELD 1974, TÓTH et al. 1974, etc.) . 
Very li t t le is said abou t the na tu re of the lesion f rom the po in t of view of a n a t o m y or 
pa thology. In our opinion, there is little use in searching for technical solutions before t h e 
na ture of t he lesion is known. W i t h o u t this no eff ic ient prevention can be reasonably e x p e c t e d . 
I n our exper iment we placed 360 Hybro chicks in a two-storey cage system designed a n d 
m a n u f a c t u r e d by the Agricul tural Machine Fac to ry , Mosonmagyaróvár . The cages were f u r -
nished wi th meta l bo t tom grills. The chicks were fed wi th the cus tomary start ing and ra is ing 
mashes wi th a v i tamin supp lement added to the dr ink ing water as prescr ibed by the t echno logy 
for baby chicks and 2-week-old chicks. At the age of 14 days the stock was immunized wi th 
Fig. 1. Sample f r o m an animal a t an advanced stage of breas t blisters. Above : cross sec t ion 
of a blister filled with a c rumbly con ten t ; below: cross section of an e m p t y blister with con-
nect ing tissue wall. ( N a t u r a l size) 
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Fig. 2. W a l l of a breast b l i s te r , and the o rgan ic discharge adhe r ing to it. ( X 85) 
Fig. 3. The i n n e r surface of the bl is ter is covered here and there b y t he epi thel ium seen in the 
picture. ( X 400) 
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" L a v a c " vaccine against fowl pest. In c r ea t i ng the necessary ecological condi t ions the Hybro 
raising technology was fol lowed. During t h e raising period t he s tock was cont inua l ly examined, 
especial ly for breast b l is ters . 
A t the end of t h e fa t ten ing period (49 days), the s tock f rom two cages (40 birds) was 
processed pathologically a n d histologically. Histological sect ions were prepared w i t h Reichert ' s 
" f r e e z i n g " microtome a n d dyed with haematoxilin—eosin. T h e f lu id obtained f r o m the blisters 
was d y e d using the P a p p e n h e i m me thod . 
Our main task w a s to find out w h e t h e r "breast b l i s t e r s " occurred u n d e r these experi-
m e n t a l conditions, and if so to what e x t e n t a n d when, and t o establish, if possible , the patho-
logical basis of the disease. 
Dur ing the rais ing period the s tock w a s continually examined . According to our obser-
va t ions , the disease f i r s t appeared in the midd le of the s ixth week. On the f r o n t a l th i rd of the 
car inal crest of some chickens undula t ing format ions the size of a pea or haze l -nu t appeared. 
Hav ing examined t he fluid taken f r o m these, the fol lowing conclusions could be drawn: 
The viscous, initially s traw-yel low, la ter r edd i sh fluid showed no tendency to coagulate. The 
R i v a l t a tes t was posit ive. The protein c o n t e n t analyzed in an early phase was 1 .7%. When a 
smear f r o m the precipi ta te was dyed it w a s found to contain a certain number of erythrocytes 
and mononuclear e lements . 
T h e number of b i rds showing lesions increased d a y b y day, as did t h e fluid in the 
" b l i s t e r " , u p to 10—15 ml . By the end of t h e raising period t he number of diseased birds ex-
ceeded 5 0 % . 
On the 49th d a y t h e chickens a t t a i n e d the desired we igh t (an average of 1425 g). How-
ever , t h e carinal crest was found to p r o t r u d e to a considerable e x t e n t , and the muscles a t tached 
here were thin and underdeveloped. At t h e beginning the lesion appeared on t h e f ronta l third 
of t h e car inal crest, b u t l a t e r it extended ove r almost the full l ength . The cavi t ies of the blisters 
were in m a n y cases pa r t i t i oned . The bases adhered closely t o t he carinal crest or to the faciae. 
At an advanced stage of t he disease, t he f l u id in the blisters m a y become th ick , it then tu rns 
into a crumbling subs tance , and in some p laces maintains a closer connection w i t h the wall of 
the c a v i t y . In such cases t he wall of the b l i s te r develops into a 1 — 2 mm thick connect ive tissue 
capsule which is closely connected to t he sk in . According to ou r experience, t he skin above the 
lesion was always i n t ac t . 
Before market ing t h e stock 7 cases of acute serous a r th r i t i s were found. Th i s was restrict-
ed t o t h e tarsal joint . T h e jo in t was tu rg id a n d full of f lu id , undu la t ing to t he touch . We also 
found 8 "c r ipp led" chickens , but our inves t iga t ions showed t h a t this could be t r aced back to 
d i f f e ren t reasons. No o t h e r disease occur red in the stock. 
T h e location of t h e lesion, t o g e t h e r with anatomical and histological examinat ions , 
ind ica te t h a t it is an en la rgement of t h e car inal bursa developing as a resul t of an initially 
acu te , t h e n chronic i n f l a m m a t i o n . (It is k n o w n tha t where t he r e are project ing bone ends either 
p e r m a n e n t or acquired bur sae are to be f o u n d , which develop according to t he e x t e n t of use.) 
Here the quest ion immediate ly ar ises whether this lesion is a separa te disease, or per-
haps t h e symptom or t h e consequence of a disease. If this ques t ion could be answered it might 
well lead to efficient p reven t ion . 
According to l i t e r a ry da ta — DERZSY et al. (1960), MÉSZÁROS (1966) — t h e enlargement 
of t he carinal bursae m u s t also be r eckoned with in the case of so-called infec t ive synovitis. 
In the papers men t ioned , however , t he r e is no reference to bursitis as being either the 
d i rec t consequence of t h e infection, or a secondary s y m p t o m developing on specimens which 
spend a lot of time ly ing down because of pa in fu l arthri t is . 
A t present we are inclined to bel ieve t h a t the lesion develops as a consequence of the 
infec t ion . This belief is suppor ted by t he f a c t that in the case of other pa in fu l l imb diseases 
( rachi t is) , or other diseases which force t h e animals to lie d o w n a lot (e.g. perosis) the authors 
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do n o t m e n t i o n s imilar consequences . T h e poss ib i l i ty t h a t les ions develop as a r e s p o n s e to purely 
m e c h a n i c a l e f fec ts c a n n o t be exc luded . A d e f i n i t e opinion on t h i s ques t ion can o n l y be formed 
on t he basis of f u r t h e r e x p e r i m e n t s . 
• 
P r e p a r e d a t t he U n i v e r s i t y of A g r i c u l t u r a l Sciences, D e p a r t m e n t of A n i m a l Protec t ion 
a n d V e t e r i n a r y H y g i e n e , M o s o n m a g y a r ó v á r . 
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T H E E F F E C T O F GA 3 A N D CCC ON T H E L E V E L S O F E N D O G E N O U S P L A N T G R O W T H 
S U B S T A N C E S . I. T H E E F F E C T O F G A 3 A N D CCC ON T H E L E V E L S O F E N D O G E N O U S 
E X T E N S I O N - G R O W T H S T I M U L A N T S A N D I N H I B I T O R S I N D I F F E R E N T W H E A T 
V A R I E T I E S 
Cer ta in t r ia ls h a v e been m a d e in t h e l i t e r a t u r e to e luc ida t e how ei ther G A (BOUILLENNE 
— L E Y H , 1 9 6 2 , BASTIN 1 9 6 7 , ANDERSEN M U I R 1969) or C C C (KURAISHI— MUIR 1 9 6 3 , NORRIS 
1966, IVANOVA 1970) could m o d i f y t h e a u x i n levels in p l a n t t i s sues . However , t h e publ ica t ions 
in t h i s a rea of research w i t h respec t to w h e a t p l a n t s appear t o be scan ty , p a r t i c u l a r l y with re-
s p e c t to GA. E v e n t h e d a t a ava i lab le conce rn ing the effect of CCC in the same r e g a r d are contra-
d i c t o r y . I t w a s in v iew of s u c h cons ide ra t i ons , and because h a r d l y any p a r t i c u l a r a t ten t ion 
is p a i d in t h e l i t e r a tu re to t h e s t u d y of e x t e n s i o n - g r o w t h i n h i b i t o r s in GA- or CCC- t r ea t ed plants , 
t h a t t h e p r e s e n t w o r k was c o n d u c t e d . I t a i m e d to s tudy t he e f f e c t of e i ther G A 3 o r CCC on the 
levels of endogenous g r o w t h - s t i m u l a t i n g s u b s t a n c e s ( inc lud ing aux in ) and ex t ens ion -g rowth 
i n h i b i t o r s in the seedl ings of d i f f e ren t w h e a t var ie t ies . 
T h e presen t work w a s c o n d u c t e d d u r i n g 1973 in the I n s t i t u t e of P l an t Phys io logy , Aar-
h u s Un ive r s i ty , A a r h u s , D e n m a r k . F o u r w h e a t variet ies were u s e d : " P r o g r e s s " , " S o l o " , "Dra -
b a n t " a n d " T o y o t a " . T h e p l a n t s were g rown in s t y r o f o a m b o x e s , measur ing 45 x 2 7 X7.5 cm, 
e a c h being fil led w i th 3.5 k g of f ine soil. P l a n t grow th was m a i n t a i n e d in a con t ro l l ed growth 
c h a m b e r a t 20°C wi th a 16-hr per iod of 20,000 lux f rom x e n o n i l l umina t ion e v e r y 24 hr . Fertil-
i z a t i o n w i t h N , P and К in a r a t io of 8 : 2 : 3, respect ively , w a s conduc t ed w e e k l y , s ta r t ing 15 
d a y s a f t e r sowing. Such fe r t i l i za t ion was a c h i e v e d t h rough t h e a d d i t i o n of t he n u t r i t i v e solution 
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a t a ra te of 32 ml/box/whole growth per iod . This nu t r i t ive solution conta ined N in three forms, 
n i t r a t e (3.3%), a m m o n i u m (3.4%) a n d amide (1.0%), t oge the r with P (soluble) (1.7%) and К 
(2 .7%) . The plants were irrigated w i t h distilled water whenever needed. Seed sowing was on 
26th J a n u a r y , a t the ra te of 80 gra ins /box. 18 days la ter (during the t i l lering stage), th inning 
was carried out to leave 50 seedlings/box. On the nex t d a y , the seedlings were sprayed with 
gibberellic acid (GA3) or (2-ch loroe thyl ) t r imethylammonium chloride (CCC), using 0 .05%. 
Tween 20 "polyoxethelene sorhitan monoo lea t e" as a w e t t i n g agent. The concentra t ions used 
were : 10, 50 and 100 mg/1 for GA3 , a n d 100, 500 and 1000 mg/1 for CCC. Control plants were 
sp rayed with distilled water ( together wi th the wet t ing agent) . Each of t h e 28 t r ea tmen t s 
(7 for each var ie ty) was represented b y 2 boxes. 
Sampling was conductcd on t he 41st day af ter sowing. For this pu rpose , 100 g f resh 
we igh t f rom the shoot system in each t r e a t m e n t were t aken a t random. The p l a n t s were t rea ted 
for t he extract ion of growth subs tances wi th 80% redisti l led cold me thano l a t the rate of 10 
mg/g fresh weight, t h e n kept at 2°C. A f t e r 48 hr f i l t ra t ion was carried out us ing cheese cloth. 
T h e ex t r ac t was then evapora ted u n d e r a vacuum at 27°C till the aqueous phase . This phase was 
a d j u s t e d to p H 8.0 using 0.1 N K O H a n d part i t ioned th ree t imes against an equal volume of 
e t h y l ace ta te (which was then discarded) . The pH of t he aqueous phase was ad jus ted to 2.8 
us ing 1 N HCl and par t i t ioned three t imes against an equa l volume of e thy l ace ta te . The acidic 
e t h y l acetate f rac t ions were then combined and dried u n d e r a vacuum at 27°C to reduce t he 
v o l u m e . The ethyl ace t a t e fraction was redissolved in 1 ml methanol and an a l iquot equivalent 
to 5 g fresh weight was loaded across t he s ta r t lines of 3.5 cm wide strips of W h a t m a n No. 3 
p a p e r ch romatography . Chromatograms were developed in t anks lined wi th f i l te r paper using 
a solvent composed of isopropanol : a m m o n i a : water (10 : 1 : 1 v/v). The chromatograms were 
air-dr ied. To test for the indole c o m p o u n d s , the developed chromatograms were sprayed with 
modi f ied Salkowski reagent consisting of ferric sulphate a n d sulphuric acid ( a f t e r EL-ANTABLY 
1965). For the de te rmina t ion of extens ion-growth s t imu lan t s and inhibi tors , whea t s traight-
g r o w t h assay (BENTLEY—HOUSLEY 1954) was conducted. The results were statistically ana-
lyzed according to TUKEY (1953). The d a t a obtained were represented as h i s tograms . 
1. Levels of extension-growth s t imulants and inhibitors 
in un t r ea t ed wheat seedlings 
According to Fig. 1 highly s ign i f ican t levels of growth-s t imula t ing subs tances are pres-
e n t in the extracts of the four varieties. A peak of ac t iv i ty was observed in t h e extracts of the 
var ie t ies "Progress" , "So lo" and " D r a b a n t " , being observed at R f s 0.1 0.4, 0.1 — 0.3 and 
0.1 — 0.3, respectively. Meanwhile, two peaks of act ivi ty were detected in t h e ext ract of the 
v a r i e t y " T o y o t a " a t R ( s 0.0—0.1 and 0.2—0.3. Concerning the quan t i t a t i ve differences, the 
h ighes t growth-s t imula t ing activi ty was shown in the v a r i e t y "Progress" , whereas the reverse 
p roved to be t rue in "Solo . 
F rom Fig. 1 i t appears fu r the r t h a t significant levels for the ex tens ion-growth inhibitors 
were detected in the two varieties " P r o g r e s s " and " D r a b a n t " , at R f s 0 .4—0.5, 0.7—0.8 and 
0.9—1.0 for "P rog re s s " and 0.9—1.0 for " D r a b a n t " . On t he o ther hand, no s ignif icant act ivi ty 
was detected for extension-growth inh ib i to r s in the var ie t ies "Solo" and " T o y o t a " . 
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Fig. 1. D i s t r i b u t i o n of a c t i v i t i e s of g r o w t h - s t i m u l a t i n g s u b s t a n c e s a n d inhib i tors on c h r o m a t o -
g r a m s , deve loped wi th i s o p r o p a n o l : a m m o n i a : w a t e r (10:1:1 v / v ) , of e x t r a c t s of f o u r var ie t ies 
of w h e a t seedlings. The w h e a t s t r a i g h t - g r o w t h assay was used fo r e s t ima t ion . T h e locat ion 
of a m a r k e r spot for I A A is shown b y a h o r i z o n t a l bar . S h a d e d p a r t s r e p r e s e n t biological 
a c t i v i t y a t a 1 % level of s ignif icance 
2. Levels of e x t e n s i o n - g r o w t h s t imulan ts a n d inh ib i to rs 
in whea t seedl ings t rea ted with G A 3 
F r o m Figs 1 and 2 it a p p e a r s t h a t in t h e var ie ty " P r o g r e s s " , GA 3 a t t h e lowest and 
highes t levels led to a r e m a r k a b l e decrease in g r o w t h - s i m u l a t i n g a c t i v i t y , c o m p a r e d w i t h the 
cont ro ls . Such ac t iv i ty w a s de t ec t ed a t RFS 0.0 — 0.1 and 0 .3—0.5 fo r the lowest a n d 0.0 0.1 
and 0.2— 0.3 for the h ighes t G A 3 level. A s imi la r decrease in t h i s r e s p e c t w as i n d i c a t e d , though 
u n d e t e c t e d , in the case of t h e m e d i u m G A 3 c o n c e n t r a t i o n , the g r o w t h - s t i m u l a t i n g a c t i v i t y being 
not iced a t RFS 0.0—0.2 a n d 0 .3—0.4. T h e r e sponse of the a c t i v i t y of endogenous growth-s t i -
m u l a t i n g subs t ances to G A 3 in t he v a r i e t y " S o l o " , compared w i t h t h e controls , also depended 
u p o n t he dose applied. T h u s , whereas a s t i m u l a t o r y effect was s h o w n a t bo th t he m e d i u m and 
the h igh GA 3 concen t r a t i ons , no s ign i f ican t a c t i v i t y was o b s e r v e d a t t he lowest one . The RE-
va lues i n d i c a t e d for g r o w t h - s t i m u l a t i n g s u b s t a n c e s were: 0.0 0.1 a n d 0 .2 - 0.6 in t h e case of 
50 mg/1 a n d 0.0—0.1 a n d 0.2 0.3 for 100 mg/1. The g r o w t h - s t i m u l a t i n g ac t iv i ty w a s similarly 
lower t h a n in the cont ro ls in t he case of t h e v a r i e t y " D r a b a n t " w h e n app ly ing t h e lowest GA3 
c o n c e n t r a t i o n : the m e d i u m a n d high c o n c e n t r a t i o n s , however , a p p e a r e d to be s t i m u l a t o r y in this 
respec t . T h e RF S-values i n d i c a t e d for g r o w t h - s t i m u l a t i n g s u b s t a n c e s were loca ted a t 0.0—0.1 
for t h e lowes t dose, a t 0.1 0.5 a n d 0 .8—1.0 fo r t he medium o n e , a n d a t 0.1 0.2 a n d 0.3 — 0.4 
for t h e h ighes t c o n c e n t r a t i o n . The only case w h e r e the lowest G A 3 concen t r a t ion cou ld lead to 
an inc rease in g r o w t h - s t i m u l a t i n g ac t iv i ty c o m p a r e d with the c o n t r o l s was not iced in t h e va r i e ty 
" T o y o t a " . T h e ac t iv i ty in t h i s case was c o n c e n t r a t e d at RFS 0 . 2 - 0.6. A similar i nc rease in the 
same r e spec t was i n d i c a t e d in t he case of t he m e d i u m G A3 c o n c e n t r a t i o n , the g r o w t h - s t i m u l a t i n g 
a c t i v i t y be ing noticed a t RFS 0.1 — 0.2 and 0 .3—0.5 . On t he o t h e r h a n d , the a p p l i c a t i o n of the 
h ighes t G A 3 concen t r a t ion led to an i n h i b i t o r y ef fec t on g r o w t h - s t i m u l a t i n g a c t i v i t y compared 
wi th t h e con t ro l s : th is a c t i v i t y was loca t ed a t R ( S 0.2—0.3 a n d 0.4—0.5. 
On t h e o ther h a n d , i t can be genera l lv no t iced f rom Fig . 2 t h a t s igni f icant zones of in-
h ib i to r s were de tec ted w h e n us ing e i ther t h e 10 or 100 mg/1 G A 3 concen t r a t i ons in b o t h "P ro -
g ress" a n d "So lo" . H o w e v e r , no s ign i f ican t inh ib i to r s occu r red a t any GA:i doses in ei ther 
" D r a b a n t " or " T o y o t a " , or a t 50 mg/1 G A 3 in e i ther " P r o g r e s s " or "So lo" . 
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Solo Drabant 
G A 3 10 m g / l 
Toyota (var.) 
f 
Fig. 2. D i s t r ibu t ion of e n d o g e n o u s g r o w t h - s t i m u l a t i n g s u b s t a n c e s and inh ib i to r s on ch romato -
g r a m s of ex t r ac t s of f o u r var ie t ies of w h e a t seedlings t r e a t e d w i t h three GA 3 c o n c e n t r a t i o n s ; 
t h e c h r o m a t o g r a m s were developed w i t h i s o p r o p a n o l : a m m o n i a : w a t e r (10:1:1 v / v ) . The whea t 
s t r a i g h t - g r o w t h assay w a s used for e s t i m a t i o n . The loca t ion of a m a r k e r spot fo r I A A is shown 
b y a hor izonta l ba r . S h a d e d p a r t s r e p r e s e n t biological a c t i v i t y a t a 1 % level of s ignif icance 
3. Levels of ex t ens ion -g rowth s t i m u l a n t s a n d inhibi tors 
in wheat seedl ings treated w i th CCC 
F r o m Figs 1 a n d 3 it can be s h o w n t h a t CCC a p p l i c a t i o n to whea t seedl ings of the fou r 
va r i e t i e s appea red cons i s t en t l y to lower t h e ac t iv i ty of e n d o g e n o u s g r o w t h - s t i m u l a t i n g sub-
s t a n c e s compared w i t h t h e controls , t h o u g h a few excep t ions were observed. W i t h t he va r i e ty 
" T o y o t a " , this lower ing e f f ec t was m u c h m o r e dist inct a t t h e l ow a n d high CCC concen t ra t ions 
t h a n a t the m e d i u m one . T h e ac t iv i t ies were located a t R f s 0 .0—0.1; 0 .4—0.5 a n d 0 . 8 - 1.0; 
a n d 0.4—0.5 for t he low, m e d i u m a n d h i g h concen t ra t ions , r espec t ive ly . W i t h respec t to the 
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Solo Drabant Toyota (var.) 
Fig. 3. D i s t r i b u t i o n of e n d o g e n o u s g r o w t h - s t i m u l a t i n g s u b s t a n c e s and inh ib i to r s on ch roma to -
g r a m s of e x t r a c t s of f o u r var ie t i es of w h e a t seedl ings t r e a t e d w i t h three CCC c o n c e n t r a t i o n s ; 
the c h r o m a t o g r a m s were deve loped w i th i s o p r o p a n o l : a m m o n i a : w a t e r (10:1:1 v / v ) . T h e wheat 
s t r a i g h t - g r o w t h assay w a s used for e s t i m a t i o n . The locat ion of a m a r k e r spot fo r I A A is shown 
by a h o r i z o n t a l bar . S h a d e d pa r t s r e p r e s e n t biological a c t i v i t y a t a 1 % level of s ignif icance 
e x c e p t i o n a l behav iour r e f e r r e d to above , i .e . a rise in the a c t i v i t y of endogenous g rowth - s t im-
u l a t i ng subs tances , i t w a s t he lowest c o n c e n t r a t i o n t h a t caused a p r o m o t i n g e f f ec t in the 
v a r i e t y " P r o g r e s s " a n d t h e med ium a n d h i g h concen t r a t i ons in " D r a b a n t " . T h e ac t iv i ty of 
g r o w t h - s t i m u l a t i n g s u b s t a n c e s under such cond i t ions was l o c a t e d a t R f s 0 .0—0.4 a n d 0.5—0.6 
for " P r o g r e s s t r ea t ed w i t h low c o n c e n t r a t i o n and 0 .0—0.1 a n d 0.3—0.4, a n d 0.0—0.6 for 
" D r a b a n t " t r ea ted w i t h m e d i u m and h igh concen t r a t i ons , r espec t ive ly . 
F r o m Fig. 3 it a p p e a r s f u r t he r t h a t s i gn i f i can t levels fo r t h e e x t e n s i o n - g r o w t h inhibi tors 
were d e t e c t e d only in t h e var ie t ies " S o l o " a n d " D r a b a n t " w h e n us ing 100 m g / l CCC a n d in the 
va r i e t i e s " P r o g r e s s " a n d " T o y o t a " w h e n u s i n g 1000 mg/l CCC. 
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T h e d a t a ob t a ined show t h a t each of t h e G A 3 doses app l ied was effective, a t l e a s t in 
cer ta in i n s t ances , in ra is ing t h e levels of e n d o g e n o u s g r o w t h - s t i m u l a t i n g subs tances , i n c l u d i n g 
the aux in ( IAA) . The f ac t t h a t GA could increase t h e a u x i n level in p l a n t t issues w a s r e p o r t e d 
in t h e l i t e r a t u r e (BOUILLENNE LEYH 1962 , BASTIN 1 9 6 7 , ANDERSEN MUIR 1969) . T h e p r e s -
en t i n v e s t i g a t i o n ind i ca t ed f u r t h e r t h a t changes in t he ac t iv i t y of g r o w t h - s t i m u l a t i n g sub-
s tances in r esponse to GA 3 d e p e n d e d , a t least p a r t l y , u p o n the t y p e of va r i e ty used, m o s t p r o b -
ably t h r o u g h t he level of n a t i v e aux in normal ly possessed by the v a r i e t y concerned. T h e obser -
va t ion m a d e by BOUILLENNE— LEYH (1962) cou ld p o i n t in the s a m e direct ion. 
On t h e o t h e r h a n d , in t h e present s t u d y CCC appea red to l ower , in most i n s t a n c e s , t he 
level of e n d o g e n o u s g r o w t h - s t i m u l a t i n g s u b s t a n c e s , inc lud ing I A A . T h i s type of e f f e c t corre-
sponds w i t h m a n y f ind ings in t h e l i te ra ture (KURAISHI—MUIR 1963, NORRIS 1966). T h e n o t i c e d 
t endency of CCC to b e h a v e in ce r t a in cases in a r eve r s e m a n n e r w a s s imilar ly met w i t h in the 
l i t e ra tu re (IVANOVA 1970). S u c h except ional b e h a v i o u r might be in te rp re ted in t e r m s of 
changes in t h e ac t iv i t ies of e n z y m e s control l ing t h e aux in c a t a b o l i s m . Two such e n z y m e s : 
ca ta lase a n d perox idase (PILET— GASPAR 1965) w e r e r epo r t ed to he inhib i ted in t he l e a v e s of 
Phaseolus b y CCC app l i ca t i on (MICHNIEWICZ—STANISLAWSKI 1965). 
* 
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S E C T O R I A L D O U B L E P R U N I N G O F F R U I T T R E E S 
"Use p r u n i n g shears and saw as much as necessary , but as little as possible" - - is t h e 
m o t t o emphasized b y de HAAS (1973). As a mat te r of f a c t , many experts a n d researchers h a v e 
recent ly criticized t h e practice of over-pruning, a n d par t icular ly cu t t i ng back, f ru i t t r ee s 
(BOUCHÉ-THOMAS 1 9 5 3 , COUTANCEAU 1 9 5 3 , W U R G L E R — STAEHLIN 1 9 5 8 , F R I E D R I C H 1 9 6 8 , 
Z A H N 1 9 6 8 , H E R M A N N 1 9 7 0 - 7 1 , CLAUS 1 9 7 6 ) . 
The adverse e f fec t of fruit t ree p run ing is p a r t l y due to a pe rmanen t d is turbance in t he 
ascending and descend ing sap flow of t h e pruned organs . I n the course of earlier invest igat ions , 
we demonstra ted t h a t both cutt ing hack and th inning resu l t in a one-sided drying-up and even-
t u a l t ransport d i so rde r in the p r u n e d shoot par ts . B y inducing increased regenerat ion, es-
pecially after c u t t i n g hack, this sector ia l t ransport d i so rde r influences the development of t he 
shoo t system in a n undesirable w a y (BRUNNER 1965, 1968, 1972). 
If, however , we reckon with t h e sectorial t r a n s p o r t disorder induced b y pruning, i t can 
lie made good use of . I t was on the bas i s of this p h e n o m e n o n tha t we e labora ted the sy s t em of 
sectorial fruit t r ee p r u n i n g (BRUNNER 1970, 1973, 1 976), making use of the one-sided inh ib i t ion 
of apical dominance caused by c u t - b a c k . Previously, w h e n this phenomenon teas left ou t of 
consideration, t h e t ra in ing of main b ranches was car r ied out by pruning to a lower (outs ide) 
b u d (Fig. 1). Be low the one-sided d ry ing -up on the u p p e r side of the s lan t ing branch w a t e r -
Cut back to lower bud 
Cut back to upper bud 
(Radial section) 
Fig. 1. Effects of cu t -back on a s l an t ing branch. (One-s ided drying u p ind ica ted b y h a t c h i n g ) 
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shoots were thus ob ta ined , which h a d to be removed . I n the system of sectorial f ru i t t r ee 
pruning , on the o t h e r h a n d , the t r a in ing of main b r anches is carried out b y pruning to an u p p e r 
(inside) bud. In th i s case both the one-sided drying-up a n d the sectorial t r anspor t disorder are 
obta ined on the lower , i.e. outer side of the branch, a n d on the upper side the condit ions of 
t r anspor t are u n d i s t u r b e d . In this w a y the tendency t o shoot format ion on the upper side of 
the main branch is decreased, as the dominance of t h e leader is fully displayed here. A t t he 
same time, the inh ib i t ion of apical dominance on the lower side, where, for various reasons, t he 
capaci ty for shoot f o r m a t i o n is res t r ic ted by nature, does n o t increase the t endency of the b r a n c h 
to become bare; on t he contrary, it enables the lower b u d s to sprout. T h u s , wi th the m e t h o d of 
sectorial pruning, i.e. by cut t ing back to an upper ( inside) bud, the development of wa t e r -
shoots on the u p p e r , a n d denudat ion on the lower side of the branch below the site of p r u n i n g 
can be chccked or even el iminated. 
According t o ou r invest igat ions, sectorial p r u n i n g provides a higher number of s l an t ing 
or nearly horizontal shoots which are useful from the p o i n t of view of p roduc t ion , as it s u b s t a n -
t ial ly increases t he n u m b e r of shoots oil the lower side of the branch, decreases the n u m b e r of 
water shoots on t h e upper side, which must be r e m o v e d anyway, a n d a t the saine t i m e , 
depending 011 the c rop-year , species a n d variety, may e n h a n c e the lateral grow t h on the b r a n c h 
compared to t h a t of control branches cut-back to a lower hud. 
II. Iii. IV. 
IV/1 IV/2 IV/3. IV/4 
Fig. 2. Phases of sec tor ia l double p r u n i n g in two successive years. (Sketch.) First year: 1 IV ; 
second year: IV/1 -IV/4. I I I : Cu t t i ng back of a s l an t ing shoot to a n upper (inside) b u d 
in tile spring of t he cu r r en t year, or a t the end of t he s u m m e r or in t he a u t u m n of the pre-
vious year; 1 II IV: removal of t e rmina l shoot (TS) a t t h e end of the s u m m e r or in the a u t u m n 
of the current year , or in the following spring: IV/1 IV/2 : cutt ing back to an upper ( inside) 
b u d of the rami f i ca t ion (R) left a f t e r the removal of t h e terminal shoot (TS) in the spr ing 
of the current year , or late summer or au tumn of the previous one; IV/3— IV/4: r emova l of 
t e rmina l shoot (T S) a t the end of t he summer or in t h e a u t u m n of the second year, or in t h e 
following spring. ( N o t e : on the lower and lateral su r face of the s lant ing shoot p runed to an 
u p p e r (inside) b u d m o r e than one ramif ica t ion (R) is n a t u r a l l y produced, b u t for the sake of 
clari ty only a lower-side ramif icat ion (R) is i l lus t ra ted . Of the above al ternat ives t he 
o p t i m u m time of p r u n i n g should he chosen taking t he f ru i t species a n d climatic condi t ions 
into consideration) 
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T a k i n g all this into considerat ion, we h a v e improved our me thod and e l abo ra t ed the 
system of sectorial double p run ing of f ru i t t rees. T h e essential points of this system a re as fol-
lows: 
The shoot which is to he cu t , back to an u p p e r (inside) hud should be fixed in t h e first 
year ei ther a t an angle of 30—45° to the hor izonta l , or horizontal ly, unless it takes u p one of 
these posi t ions by nature . This ensures the provision of upper (inside) buds on the u p p e r (inside) 
surface of a s lant ing or hor izontal branch. Sectorial p run ing can then be carried out to an upper 
(inside) b u d . I t has previously been emphasized t h a t the terminal shoot obtained f r o m this 
upper (inside) te rminal hud should be tied down to a slanting or hor izonta l posit ion, t h e more 
so because i t will be more upr igh t than the one developing f rom the lower (outside) t e rmina l 
bud. In t he course of sectorial double pruning t y i n g down is avoided , thereby r educ ing the 
manual l abour i n p u t . 
According to the sys tem of sectorial double p run ing , the upr igh t terminal shoot develop-
ing f rom the u p p e r (inside) hud of the slanting b r a n c h should be l e f t untied unti l a u t u m n or 
spring (Fig. 2), since in this case pruning to the u p p e r bud was carried ou t in the sp r ing of the 
current , or t he a u t u m n of the previous year. T h u s , the dominance of th is erect t e r m i n a l shoot 
inhibits t he t endency of upper (inside) buds on t he s lant ing or hor izonta l branch to s p r o u t , to 
such an e x t e n t t h a t even when it is removed in t he a u t u m n or next spr ing, wate r - sprout forma-
tions ha rd ly appea r on the uppe r side of the b r a n c h . The small number of generally w e a k shoots 
which occasionally develop can be removed du r ing th inning. This reduced capaci ty fo r shoot 
format ion on the upper side of the branch is p a r t l y due to the f ac t t h a t shoots w h i c h have 
developed b y then on the lower, side a t t rac t t he f l ow of nut r ients , t h u s entering i n to compe-
tit ion with t he upper-side g rowth . For the sake of simplicity the ske tch shows only one of the 
lower-side shoots obtained by p run ing to an u p p e r (inside) bud. N e x t year these f a v o u r a b l y 
si tuated lower-side shoots, or some of them ( somet imes only one: the " t e r m i n a l " ) a re p runed 
to an uppe r (inside) bud again, the erect te rmina l shoot thus obta ined being retained once more 
until a u t u m n or next spring, so t h a t f avourab ly s i tua ted shoots are obtained aga in on the 
lower side of t he branch wi thou t tie-down (Figs 3/A, B, and 4). If the branching below the ter-
Fig. 3/A. Hedelf ingen cherry shoot pruned to an upper (inside) b u d , with a t e r m i n a l shoot 
and ramif ica t ions . (Stage I I I of Fig. 2 - Pho to : Migend) 
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r 
Fig. 3/B. The same as above, after the r emova l of the t e r m i n a l shoot. 
(S tage IV of Fig. 2 — P h o t o : Migend) 
Fig. 4. Hedelf ingen cherry shoot p runed to a lower (outside) bud , w i t h a terminal shoo t and 
ramificat ions resembling wa t e r shoo t s on the u p p e r side, and s imul taneous d e n u d a t i o n 
on the lower-side. (Si tuat ion corresponding to the mode l of a s lanting b r a n c h pruned to a lower 
b u d in Fig. 1 — P h o t o : Migend) 
initial shoot to be removed is too s teep, it is cut -back to the next , more favourab ly sited b r a n c h -
ing. 
Sectorial double prun ing is suitable for shaping bo th the main b ranches and the bea r ing 
shoot sys tem, as proved by expe r imen t s performed so far on cherry , sour-cherry and ap r i co t 
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t r e e s (BRUNNER 1976) . Considering, h o w e v e r , t h a t t h e sector ia l t r a n s p o r t d isorder i n d u c e d b y 
p r u n i n g has b e e n d e m o n s t r a t e d in a l m o s t all p o m i f e r o u s and s t o n e - f r u i t species g r o w n in 
H u n g a r y (BRUNNER 1969), sector ia l d o u b l e p r u n i n g is expec t ed to give s a t i s f ac to ry r e su l t s in 
al l a rboraceous f r u i t - b e a r i n g p l a n t s , pa r t i cu l a r ly for s h a p i n g intensive l ow f o r m s : f r u i t - h e d g e s 
a n d other hedge - l i ke p l an ta t ions . 
* 
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T R E N D O F G R A I N Y I E L D I N M A I Z E ( Z E A M A Y S L.) H Y B R I D S AS A F U N C T I O N 
O F P L A N T N U M B E R P E R U N I T A R E A A N D S O W I N G U N I F O R M I T Y 
In the c o u r s e of our i n v e s t i g a t i o n s we t r ied to f i n d an answer to t h e ques t ion of h o w t h e 
n u m b e r of p l a n t s p e r lia, especia l ly a t an in t e rva l d e v i a t i n g f rom t h e p rev ious ly e s t a b l i s h e d 
o p t i m u m , a n d t h e uneven d i s t r i b u t i o n of plants w i t h i n t he row, i n f l uence t he yield in t h e d i f -
f e r e n t hybr ids . 
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There is a large volume of in t e rna t iona l and H u n g a r i a n l i terature on the correlation 
be tween the volume of yield and the p l a n t number per u n i t area in maize. W e are pr imari ly 
in te res ted in the resu l t s of exper iments carried out in H u n g a r y under condi t ions similar to 
those u n d e r which our investigations were made. 
BERZSENYI-,!ANOSITS (1953) p e r f o r m e d spacing expe r imen t s with v a r i e t y hybrids , and 
I ' s ó (1960) with inbred hybrids . Both a u t h o r s call a t t en t ion to the fact t h a t t he hybr ids require 
a higher number of p l a n t s per unit area compared to open f lowering variet ies . In a later publi-
cat ion l ' s ó (1962) demons t r a t ed t h a t sma l l e r hybrids w i t h a shorter vege t a t i on period could 
he spaced closer t han la rger , later ones. Similar conclusions h a v e been reached b y ROSSMANN 
COOK ( 1966), who say t h a t early hybr ids a re generally more to le ran t to denser sowing than la ter 
ones, t hough there are m a n y exceptions. These s ta tements l e f t the genetic re la t ionship between 
the hybr ids out of considerat ion. D a t a on this re la t ionship were published by Sprague (in 
BÁLINT 1975). Of the hyb r id s commercial ly produced in t h e United Sta tes of America 41.7% 
was represented by e ight inbred lines a n d the i r progeny in 1964, while in 1970 six inbred lines 
and the i r progeny m a d e u p 70.5% of t he hybr ids . There is t h u s a high p robab i l i t y of a relation-
ship exis t ing between t h e different h y b r i d s . 
I ' só (1969) gives an account of e igh t single cross h y b r i d s whose p l an t n u m b e r per un i t 
area can be safely increased , and d e m o n s t r a t e s that combina t ions including t he inbred lines of 
N6 a n d 156 can be s ta t i s t ica l ly proved t o give higher yields t h a n the o thers as a response to 
increased s tand dens i ty . R u i z (1966), EARLEY et al. (1966), BUSSEL (1969), NÉMETH (1974) 
and GYŐRFFY (1976) a t t r i b u t e the f a v o u r a b l e yield responses to increased s t a n d densi ty shown 
by hyb r id s pr imari ly t o their genetic composi t ion. 
L i te ra ry da t a on t he effect exercised by the uneven d is t r ibut ion of p l a n t s wi thin the row 
on t he volume of yield are scarce. GYŐRFFY (1976) refers to f a r m data obta ined dur ing the eval-
ua t ion of plant grow ing fac tors w hich a f f e c t the yield of ma ize and to the resul t s of exper iments 
carr ied out in the U n i t e d Sta tes and calls a t t en t ion to the necessi ty of un i fo rm sowing. REMUSSI 
et al. (1974), in a lec ture delivered in B u c h a r e s t , give an a c c o u n t of an e x p e r i m e n t carried out 
in Argen t ina on the e f fec t of uneven sowing. According to t he results of two years of investi-
ga t ions , the uneven d i s t r ibu t ion of sunf lower p lan ts in the row reduced the yield b y 11.7— 28.9%, 
depend ing on the degree of unevenness. T h e y suggest t h a t the uneven d i s t r ibu t ion of p lan ts 
m a y cause yield r e d u c t i o n in other cu l t i va t ed plants as well . 
In the exper iment the following h y b r i d s improved or main ta ined by t he Cereal Research 
I n s t i t u t e , Szeged were used : A90 X153R, an early FAO 360 hybr id , state cer t i f ied in Hungary 
and Czechoslovakia u n d e r the name Kesz the ly i SC 360; W 6 4 A x O h 4 3 , a m e d i u m early FAO 
582 h y b r i d , s ta te cer t i f ied in Yugoslavia a n d licensed for commercia l product ion in Hungary as 
Be S K 5A; and an A632 x A619-hased combina t ion , a m e d i u m early FAO 590 hybr id , s ta te 
cert i f ied in Yugoslavia a n d licensed for commercial p roduc t ion in Hunga ry u n d e r the name 
Be 66 25. Our results are based on t he d a t a of farm-scale t r ia ls and small p lo t exper iments . 
Farm-scale trials. Our data were ob ta ined in fa rm-sca le trials carr ied ou t in 5 0 - 60 
f a r m s each year f rom 1973 to 1975 in v a r i o u s regions of H u n g a r y on maize f ie lds each 2 ha in 
size. T h e exper imenta l ne twork covered all the character is t ic soil types a n d the ecologically 
d i f fe ren t maize growing regions of H u n g a r y . Over the ave rage of three yea r s the trial plots 
showed a lower t h a n ave rage P ,0 5 level a n d a higher than ave rage K.,0 level, a n d were supplied 
with 143 -160 kg/ha N , 1 0 6 - 1 3 0 kg/ha P„0 5 and 132 - 1 6 5 kg /ha K„0 fer t i l izer active agent . 
On average the a m o u n t of precipitat ion w a s less than the w a t e r requirement of maize (during 
the vege ta t ion period in Hungary ) by 113 m m in 1973 and b y 21 mm in 1974 a n d was 50 m m 
more in 1975. (The w a t e r requirement of maize was d e t e r m i n e d after BERENYI 1945). Thus , 
according to these d a t a t he 1973 crop y e a r was dry, while in 1974 and 1975 t h e precipi tat ion 
condi t ions were f a v o u r a b l e for the d e v e l o p m e n t of maize. If t he dis t r ibut ion of precipi ta t ion 
is also t a k e n into cons idera t ion it can be s t a t e d tha t 1975 was a part icularly good crop year . 
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Dur ing the evaluat ion the grain yield d a t a obtained in t he three years were grouped 
for each hybr id into o p t i m u m plan t number in terva ls and lower t h a n op t imum, w i t h 50,000 
p lants /ha , and an average was calculated for each. In add i t ion t he average va lue of sowing 
unevenness was de termined for each p lan t n u m b e r in terval . (The op t imum p l a n t stand 
interval for each hybrid previous ly de te rmined in a small plot p l an t number e x p e r i m e n t was 
later conf i rmed by the resul t s of farm-scale t r ia ls . ) 
The 1974 grain yield d a t a were grouped per 1000 plant n u m b e r interval and according to 
the value of sowing unevenness for each h y b r i d . The correla t ion of the yield averages thus 
obta ined w i t h the number of product ive p l an t s per ha (leaving t he unevenness of sowing out of 
consid: ra t ion) , and with the unevenness of sowing (leaving the n u m b e r of plants ou t of consid-
erat ion) were calculated separa te ly . The 1974 d a t a were chosen in studying t he correlation 
because in t h a t year the ac t ion of the fac tors examined was not m u c h disturbed by d r y weather, 
and because the largest n u m b e r of da t a on all three hybr ids were available for t h a t year. 
The 1975 yield d a t a for A90 x 153R were grouped by 5000 p lan ts , and an ave rage value 
of sowing unevenness was calcula ted for each group. We chose t h e 1975 crop year because the 
prec ip i ta t ion conditions were then the most favourable , and because a suff icient number of 
da ta were available for th is hyb r id . The rel iabi l i ty of the d i f ference between the mean values 
obta ined was checked by the (-test, and t he square of relat ive devia t ion (s% 2 ) b y t he F-tests. 
Small plot experiment. In 1976, a t the Ságvár i trial g rounds of the Cereal Resea rch Insti-
tu te , Szeged, the effect of u n e v e n plant d i s t r ibu t ion in the row on the dry grain yield of A90 X 
X153R a n d the A632 X A619-based hybr id was studied. The resul t s of the one -yea r small 
plot expe r imen t were designed to confirm the conclusions d rawn f r o m the three-year farm-scale 
tr ial . The d a t a obtained b y repea t ing this exper iment for several years may serve as a basis for 
a detai led s tudy of the ef fec t of sowing unevenness . 
The exper iment was la id out in a r a n d o m block design w i t h three repl icat ions . Each 
t r e a t m e n t consisted of 10 p l a n t s sown in a single row. Of each of t he two hybrids a un i fo rm and 
an uneven p lan t s tand were establ ished by sowing the grains to t h e same density (5.7 p lan t s/m-' 
in rows spaced at 70 cm) w i t h a seeding a p p a r a t u s , and th inn ing the plants a t t h e 6—8 leaf 
stage. The distance be tween the plants w i th in a t r e a t m e n t was identical ( apa r t f r o m errors 
made dur ing implementa t ion) in all the plots . The d is tance b e t w e e n the plants was measured 
a f te r t h inn ing , at the 8—10-leaf stage. T h e r e was no s ta t is t ica l ly provable d i f ference in the 
average p lan t distance be tween uniform and uneven t r e a t m e n t s in either of the hybr ids . The 
sca t ter values , however, ( a t which the t r e a t m e n t was aimed) showed substant ia l deviat ions: 
2.96 in t he uni form and 24.39 in the uneven p l a n t s tand of A90 X 153R; 3.10 and 24.32, respec-
t ively, in the A632 X A619-based hybrid. 
To eliminate the bo rde r effect 14 p l a n t s were sown per p lo t and the f i r s t a n d last two 
p lants were left out of the eva lua t ion . To e l imina te the effect of t he ad jacen t plot we sowed one 
row of un i fo rm [ilant d i s t ance on each side of the plot wi th t he hybr id corresponding to the 
t r e a t m e n t . Harvest ing was carr ied out a t 3 0 % grain moisture con ten t . The ears were dried to 
14% grain moisture con t en t ( later referred to as air-dry) and the grain yield pe r plant was 
de te rmined . 
The amoun t of p rec ip i t a t ion dur ing t he vegetat ion per iod was 37.9 mm less than the 
requ i rement determined by BERENYI (1945). The dis t r ibut ion of ra infal l was, howeve r , favour-
able. Dur ing flowering and seed sett ing, a period part icularly i m p o r t a n t from the po in t of view 
of grain product ion ( f rom one week before to three weeks a f t e r male flowering), A 9 0 X 1 5 3 R 
received 80.8 mm rain on 11 occasions, while the A632 X A619-based hybrid received 76.0 mm 
on 10 occasions. 
The soil of the e x p e r i m e n t was a highly calcareous m e a d o w chernozem w i t h 80 cm of 
h u m u s and a deep solonetz layer . The pH-va lue of the humous layer was 8.4. The level of soluble 
P 2 0 5 and K.,0 was good. On t he trial grounds maize had been grown for 6 years in a monocul-
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Table 1 
Trend of air-dry grain yield in hybrids examined under farm conditions, as a function of optimum 
and below-optimum plant densities and uniformity of sowing, on the average of 1973 — 74 — 75 
N u m b e r of plants/ha 
(1000 plants) 
A90X153R W 6 4 A x O h 4 3 A632XA619 
sowing 
uni-
formi ty 
(1-5) 
yield 
average 
q/ha 
devia-
tion 
sowing 
uni-
formi ty 
yield 
average 
q /ha 
devia-
t ion 
sowing 
uni-
formity 
yield 
average 
q/ha 
devia-
tion 
4 5 — 5 0 — — — 2.6 62.8 13.8 — — — 
50—55 2.3 65.9 4.5 4.2 76.6 + 2.8 71.6 8.4 
5 5 — 6 0 4.0 70.4 + 
— — — 
4.5 80.0 + 
Note: The value of sowing u n i f o r m i t y is t h e average of f i v e ca tegor ies (1 = u n e v e n , 
5 = u n i f o r m ) 
+
 O n t he basis of smal l p lot a n d f a r m - s c a l e e x p e r i m e n t s w i t h an o p t i m u m n u m b e r 
of p l a n t s pe r ha 
tu re . T h e e x p e r i m e n t a l p lo t s were suppl ied w i t h 400 kg/ha m i x e d fer t i l izer ac t ive a g e n t a t a 
r a t io of 2 : 1 : 1 (N : P , 0 5 : K 2 0 ) . 
T h e condi t ions of t h e e x p e r i m e n t ( c u l t i v a t i o n level, n u t r i e n t a n d wate r s u p p l y of the 
soil, w e e d g rowth , chemica l ac t ion) did n o t p r e v e n t the u n e v e n n e s s of sowing f r o m m a k i n g 
its e f f e c t f e l t . 
T h e gra in yield pe r p l a n t d a t a for t h e smal l p lot e x p e r i m e n t were e v a l u a t e d b y va r i ance 
ana lys i s . T o de te rmine t h e d i f ferences b e t w e e n t h e relat ive s c a t t e r va lues ( s % ) t h e F - t e s t was 
used. 
T h i s p a p e r is p r i m a r i l y based on t h e r e s u l t s of fa rm-sca le t r i a l s carr ied ou t in d i f fe ren t 
p a r t s of H u n g a r y . In sp i te of t he fac t t h a t t h e seed of each h y b r i d w a s of ident ica l g e r m i n a t i o n 
p e r c e n t a g e a n d t h o u s a n d - g r a i n - w e i g h t , a n d w a s sown wi th a lmos t t h e same viable ke rne l s per 
ha , a n d t h e n u t r i e n t level of t he plots w a s also nea r ly ident ica l , t h e corre la t ion b e t w e e n plant 
n u m b e r a n d yield w a s d i s t o r t e d b y the e f f ec t of sowing u n e v e n n e s s a n d o the r f a c to r s . Resea rch 
work is some t imes he lped , some t imes h i n d e r e d b y these e f fec ts . I t is qui te possible t h a t we 
would n o t h a v e s t a r t ed i nves t i ga t i ng the e f f e c t of u n e v e n sowing if in t h e small p lo t e x p e r i m e n t s 
the u s u a l o p t i m u m curve h a d been o b t a i n e d . I n t h e case of i den t i ca l cu l t i va t ion levels , t h e inter-
ac t ions a n d d is tor t ing e f f e c t s can be t r a c e d b a c k mos t ly to d i f f e r ences in the n a t u r a l f ac to r s . 
W i t h a n a d e q u a t e n u m b e r of repl ica t ions (so t h a t all regions s h o u l d be proper ly r e p r e s e n t e d ) 
t h e y c a n be reduced to a m i n i m u m . U n d e r H u n g a r i a n cond i t ions , as also p roved b y t h e sub-
s e q u e n t d a t a , d a t a f r o m a t leas t 15—20 e x p e r i m e n t a l sites are n e e d e d to be able t o d r a w con-
clusions. Otherwise , o idy d a t a or ig ina t ing f r o m nea r ly ident ica l g rowing sites (soil, p rec ip i t a -
t ion) c a n be t a k e n in to cons ide ra t ion . 
W h e n s tudy ing f a c t o r s in f luenc ing t h e resu l t s of f a rm-sca l e t r i a l s emphas i s shou ld be 
laid on t h e prec ip i ta t ion cond i t ions . In H u n g a r y , wi th an a v e r a g e level of c u l t i v a t i o n the 
p r e c i p i t a t i o n condi t ions h a v e a decisive i n f l uence on the yield of m a i z e . There fo re , if t h e r e is a 
d r o u g h t d u r i n g the v e g e t a t i o n period o t h e r yield fac tors (e.g. n u m b e r of p r o d u c t i v e p l an t s ) 
are u n a b l e to make the i r e f f ec t s fel t . 
T a b l e 1 shows t h e yield resul ts of t h e t h r e e hybr ids e x a m i n e d as a f u n c t i o n of p lan t 
n u m b e r a n d sowing u n e v e n n e s s . (The o p t i m u m p l a n t n u m b e r u n d e r t h e condi t ions in t h e dif-
f e r en t m a i z e growing reg ions of H u n g a r y w a s d e t e r m i n e d for e a c h h y b r i d in ear l ier exper i -
m e n t s . ) I t appea r s f r o m t h e t ab l e t h a t be low t h e o p t i m u m p l a n t n u m b e r the d i s t ance be tween 
the p l a n t s is less u n i f o r m t h a n in the case of a n o p t i m u m p l a n t n u m b e r . In c o n f o r m i t y wi th 
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o u r instructions t he f a r m s sowed nea r ly t he same n u m b e r of live germs. Some of them did not 
c o m e u p or died in t h e seedling s tage e i ther because of incorrect cultural pract ices (unsuitable 
seed bed, uneven d e p t h of sowing) or for reasons i ndependen t of man (soil cracking, damage 
b y soil-borne pa thogens , low t e m p e r a t u r e , damage by game) . The death of these plants affected 
n o t only the n u m b e r of plants b u t also t he uniformity of sowing. With a h igher than op t imum 
p l a n t number the u n e v e n d is t r ibut ion of plants in t he rows was caused b y the " b u n c h e d " 
sowing often observed in thick s t a n d s . 
The effects exe r t ed by the n u m b e r and uneven d is t r ibut ion of p l a n t s on the yield are 
s h o w n in Table 1. T h e degree of sowing unevenness and the deviat ion f r o m the op t imum p lan t 
n u m b e r are nearly ident ical in the t h r e e hybrids . In spi te of this , according to the three years ' 
r e su l t s of farm-scale tr ials , the yield d a t a of A90 X153R show lower di f ferences t han those 
o b t a i n e d with the hyb r id s W 6 4 A x O h 4 3 and A632 x A 6 1 9 . 
In order to ana lyse the effect of t he two factors on t he volume of yield the yield curves 
s h o w n in Fig. I were calculated a n d d r a w n . The shape of t he curves, and t he var iat ion of the 
func t i ons , the corre la t ion values a n d t h e factors all suggest t h a t in our e x p e r i m e n t the uneven 
d is t r ibu t ion of p l a n t s in the row h a d a somewhat higher inf luence on the gra in yield t han the 
n u m b e r of plants. 
According to Fig. 1, there were essential differences be tween the h y b r i d s as to the corre-
l a t i o n of grain yield, p lant number a n d sowing un i fo rmi ty . T h e grain yield of A90 X 153R was 
less sensitive to changes in the p lan t n u m b e r and sowing un i formi ty t h a n t h e yield data of the 
h y b r i d s W64A X Oh43 and A632 x A 6 1 9 . 
The data of T a b l e 1 and the corre la t ions in Fig. 1 suggest t h a t the increased plant number 
a n d the uniform d is t r ibu t ion of p l a n t s in the row b o t h increase the vo lume of yield. Thus , if 
t h e yield of a hybr id appear s to be sens i t ive to changes in t he s t and dens i ty , i t will be sensitive 
t o the unevenness of sowing as well. This supports the theory tha t u n e v e n y thick or th in 
rows may have the s a m e effect as p l a n t number s below a n d above the o p t i m u m . 
The results of the small p lo t e x p e r i m e n t are con ta ined in Table 2. T h e grain yield per 
p l a n t of A90 X 153R did not decrease in t he t r ea tmen t w i t h uneven p l an t d is tance. There is no 
s ta t is t ica l ly s igni f icant difference b e t w e e n the two t r e a t m e n t s . In the case of A632 x A 6 1 9 
t h e grain yield per p l a n t shows a s ta t i s t ica l ly significant difference between t h e two t r ea tmen t s . 
As a response to u n e v e n sowing subs t an t i a l l y lower resul ts were obta ined. T h e s%- values serve 
as an explanat ion. As for the yield d a t a of A90 X153R the s % 2 - values show no reliable differ-
ence between the t w o t r ea tmen t s , whi le in the case of A632 XA619 this difference is stat ist i-
ca l ly significant. I n t h e hybrid A90 X 1 5 3 R the grain yield per p lan t wi th in the row was no t 
essential ly affected b y either the u n i f o r m or the uneven d i s t r ibu t ion of p l an t s . In A632 x A619 
an essential yield di f ference was f o u n d be tween un i fo rm rows and the uneven ly thick rows of 
p l an t s . That is w h a t causes the h igher s t a n d a r d devia t ion . The difference be tween the two hy-
b r ids exists in spite of t he identical o p t i m u m plant n u m b e r . The results of t he small plot experi-
m e n t confirmed t he conclusions d r a w n f r o m the f a rm-sca le trials. 
On the basis of the yield curve for W64A X Oh43 (and according to F ig . 1) the o p t i m u m 
p l a n t number is 50—55,000/ha, w hile t h a t for A632 x A619 is 55— 60,000/ha. T h e yield responses 
of t he two hybr ids to increased p l a n t number and u n e v e n sowing are also nearly identical. 
T h e curves for A90 X 15311 and A632 x A619 show' (in accordance wi th t he earlier results) the 
s a m e opt imum p l a n t number n a m e l y , 55—60,000/ha. A t the same t ime, the i r responses to 
increased plant n u m b e r and uneven sowing are d i f f e r en t . This seems to suggest t ha t the yield 
response to increased p lan t number a n d u n e v e n sewing is independent f r o m t h e op t imum s tand 
dens i ty . 
In Fig. 1 t he r e are quadra t i c a n d linear correlat ions between the yield data and p lan t 
n u m b e r of A 9 0 x l 5 3 R . The two cor re la t ions show near ly the same t e n d e n c y , bu t the l inear 
correlat ion is closer, a n d , unlike the q u a d r a t i c correlation, is statistically s ignif icant . The linear 
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Fig. 1. Correlations be tween yield, p lan t n u m b e r (x,) and sowing uniformity (x„) in the hybrids 
included in the study. 
F o r the q u a d r a t i c funct ion 
A90 x 153R 
у = - 165.15 + 7.80x, — 0 .07x ; 
R = 0.3505 
F o r W64A x O h 4 3 
у = - 2624.85 + 101.52x, — 0.95x; 
R = 0.9003* 
F o r A632 x A619 
у = — 1892.89 + 68.45x, — 0 . 5 9 x j 
Í? = 0.9206* 
F o r the linear f u n c t i o n 
A90 x 153R 
у = 39.81 + 0.4498X, 
R = 0.6398** 
F o r the q u a d r a t i c funct ion 
A90 x 153R 
у = 53.81 -f 2.74x, + 0.17x1; 
R = 0.7673 
F o r W64A X O h 4 3 
у = 71.02 - 9.80x„ -+ 2.89x5 
R = 0.8735* 
F o r A632 x A619 
y = 73.90 - 1.57x„ + 1.34x1 
R = 0.9881**{ 
Note: The values given in the F igure (e.g. 121) show t h e weight in g of d ry grain yield 
per p lan t obtained w i t h t he plant n u m b e r p lo t ted on the x 4 axis . 
* I ' О/ 
10% 
correlat ion raises the q u e s t i o n of whe ther the op t imum p l a n t n u m b e r de te rmined for this hy-
brid is really correct, or w h e t h e r it is the resu l t of having cons idered only a l inear section of the 
curve. To settle the ques t ion , in Table 3 t he 1975 yield da ta were grouped in more p lan t number 
categories t han in Tab le 1. 
According to the d a t a of Table 3 w i t h the increase in p l a n t number , the d i s tance between 
the p lan t s in the row becomes more u n i f o r m u p to the o p t i m u m stand dens i ty , while above 
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Table 2 
Air-dry grain yield per plant in the case of uniform and uneven plant distance, 
in a small plot experiment 
(Szeged. 1976) 
T r e a t m e n t 
A 9 0 X 153R А632ХА619 F F 
g/plant s % F g /p lant 5% F (P = 5 %) (P = 0.1%) 
U n i f o r m 
U n e v e n 
181.2 
191.6 
12.6 
12.0 
158.7 
144.0 
1.102 
224.9 
185.5 
9.8 
16.2 
96.0 
262.4 
2.733 1.85 2.64 
SD 5 O / o - 13.6 
S D 0 > 1 % — 23.5 
Note: The f r e e d o m g rade (FG = 2 9 ) is the same fo r t h e two h y b r i d s 
Table 3 
Air-dry grain yields of A90xl53R and the scatter of data as a function of plant number and 
sowing uniformity in the farm-scale trial of 1975 
N u m b e r of 
p lan t s /ha 
(1000 p lan ts ) 
Sowing 
un i fo rmi ty 
(1 3) 
Yield 
q/ha •% s%* F F G 
F 
(P = 5%) 
4 0 — 5 0 2.9 68.9 20.5 420.3 2.526 15 2.33 
5 0 — 5 5 3.7 73.2 18.0 324.0 1.947 11 2.37 
5 5 — 6 0 + 4.2 74.4 12.9 166.4 — 18 
6 0 — 6 5 3.6 78.0 19.3 372.5 2.239 20 2.19 
Note: W h e n c a l c u l a t i n g the F - v a l u e s w e re la ted t he s ° 0 2 va lues to t h a t of t h e o p t i m u m 
p lan t n u m b e r (marked -(-) 
the o p t i m u m plant n u m b e r it will be u n e v e n again. T h u s , t o g e t h e r with t he c h a n g e in the 
p l a n t n u m b e r , the d a t a of t h e table show t h e e f f e c t of une ve n sowing as well. T h e y ie ld averages 
increase e v e n wi th an a b o v e - o p t i m u m p l a n t n u m b e r and g r o w i n g unevenness . T h i s increase, 
like t h e decrease wi th a p l a n t number b e l o w t h e o p t i m u m , is n o t s ignif icant . D e v i a t i o n s f rom 
the y ie ld average o b t a i n e d w i t h an o p t i m u m p l a n t n u m b e r a r e wi th in a m a r g i n a l e r ror : they 
c a n n o t be proved by t h e t - t e s t a t a p r o b a b i l i t y level of 9 5 % . T h e s % - values, h o w e v e r , increase 
c o n s i d e r a b l y compared to t h e o p t i m u m p l a n t n u m b e r . Acco rd ing ly , this h y b r i d m a y give large 
yields e v e n with a p l a n t n u m b e r dev ia t ing f r o m the o p t i m u m , b u t in this case t h e risk of pro-
duc t i on will he cons ide rab ly higher . 
* 
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E F F E C T S O F E T H R E L A N D Z I N C ON A B S C I S S I O N A N D C E L L U L A S E A C T I V I T Y 
I N S O U R C H E R R I E S 
In t he course of i n v e s t i g a t i o n s on t he c o n d i t i o n s needed fo r mechanica l h a r v e s t i n g , we 
s tud ied t he e f f ec t of chemica l t r e a t m e n t s on f r u i t abscission, a n d also the e n z y m a t i c b a c k -
ground of t h i s e f fec t . In a p a p e r on the morpho log ica l changes d u r i n g f r u i t abscission LEOPOLD 
(1971) d i s t i ngu i shed an a u x i n a n d an e thylene sens i t ive phase in t h e absciss ion zone. T h e e t h y l -
ene sens i t ive phase i m m e d i a t e l y preceded absc i ss ion . In th is p h a s e of p l an t d e v e l o p m e n t t he 
act ivi t ies of cel l -wall h y d r o l y s i n g enzymes are low, a n d the e t h y l e n e - i n d u c i n g r egu l a to r s e x e r t 
their e f fec t s b y act iviz ing t h e e n z y m e s (POLLARD—BIGGS 1970, ABELES et al. 1971a,B, RAS-
MUSSEN—JONES 1971). 
An a t t e m p t was m a d e to follow the morpho log ica l change a n d the pos t - r ipen ing bio-
chemical c h a n g e s by measu r ing t h e f ru i t r e m o v i n g force a n d the ce l lu lase (E.C. 3.2.1.4.) a c t i v i t y . 
Besides m e a s u r i n g the f ru i t r e m o v i n g force ac t i ng on t he lower absc i ss ion zone ( b e t w e e n f r u i t 
and s tem) , we e x a m i n e d the e n z y m e ac t iv i ty b o t h in t h e uppe r absc iss ion zone (be tween b e a r i n g 
pa r t and s tern) , a n d in the lower zone. 
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The e x p e r i m e n t was set up on t h e sour cherry v a r i e t y Pándy in t he Szigetcsép orchard 
of the Model F a r m of the Univers i ty of Hort icul ture in a sweet cherry a n d sour cherry plan-
t a t i on with m e d i u m high t runks and combined crowns establ ished in 1958 a t a spacing of 10 X 10 
m . I n the orchard t h e Germersdorfi ór iás sweet cherry a n d Pándy sour che r ry varieties were 
p l a n t e d in a l t e rna t e rows. The s t a n d a r d of cultural p rac t ices applied was average. The P á n d y 
t rees included in t h e experiment were of medium vege ta t ive and generat ive capaci ty . 
During t h e exper imenta l yea r s , the weather prevai l ing at Szigetcsép was warmer t h a n 
average. The w in t e r precipitat ion was low, and a large propor t ion of the an ima l precipi ta t ion 
fell in the f irs t ha l f of the vegeta t ion period. Owing to t he spring f ros ts in 1976, the yields of 
sweet cherry a n d sour cherry did n o t exceed 10 kg per t ree . 
In the G e r ő m a j o r farm un i t of t he "Magya r —Szov je t Bará t ság" Co-operative F a r m a t 
Kecskemét the p l a n t a t i o n included in the exper iment was established in 1959 at a spacing of 
9 x 5 m. The sweet cherry varieties "Germersdor f i ó r i á s " and "Hede l f ingen i ór iás" were t he 
pollen donors for t he Pándy sour che r ry trees. In 1975 the medium t r u n k , combined crown 
sour cherry t rees yielded 15—20 kg / t ree . 
The e x p e r i m e n t was set np in six replications. Samples consisting of 50 f rui ts per t r e a t -
m e n t were t aken f r o m a height of 200 cm on all sides of the trees in an even dis t r ibut ion. The 
l abora to ry ana lyses were carried o u t a t the D e p a r t m e n t of Frui t Growing a n d D e p a r t m e n t of 
Chemistry of t he Univers i ty of Hor t i cu l tu re . 
The chemical t r ea tments were performed w i t h E t h r e l at a concen t ra t ion of 500 and f 000 
p p m . with zinc a t 50 ppm, and w i t h a combined solut ion of 500 ppm E t h r e l and 50 p p m zinc. 
T h e t r ea tmen t s were applied 10 12 days before t h e expected date of ha rves t . 
The a c t i v i t y of the cellulase enzyme was e x a m i n e d in samples collected on three occa-
sions before t he t r e a t m e n t , then on t h e day of the t r e a t m e n t , and every t h r ee days subsequent ly . 
T h e plant p a r t s , excised with a scalpel , were ex t rac ted w i t h a 0.1 M p h o s p h a t e buffer ( p H 7.0) 
containing 0.08 v % cisteine-HCl (ABELES 1969, RATNER et al. 1969). T h e enzyme act iv i ty of 
t he solution o b t a i n e d was de te rmined viscosimetrically. 1.0 ml of the e n z y m e prepara t ion was 
incuba ted at 30°C fo r 10 minutes w i t h 5.0 ml of a 0.4 v % solution of ine thv l cellulose (Mw = 
= 1.3—1.5 • 105) m a d e with a 0.02 M phosphate b u f f e r ( p H 6.0). The viscosi ty of the solution 
t h u s obtained was determined b y m e a n s of an Os twa ld - type viscosimeter. The water t ime of 
t he viscosimeter a n d the outflow t i m e of 0.5 ml m e t h y l cellulose with 1.0 ml ext ract ing b u f f e r 
were measured. 
The f ru i t r emoving force w a s de termined for all f r u i t s collected. We t o o k the f ru i t be tween 
two fingers, a f f i xed a scale to the s t e m and loaded it g radua l ly until the s t e m became de tached 
f r o m the f ru i t . T h e load gave t h e va lue of the force required for abscission (GEISZLER et al. 
1974). 
Of the c o m p o n e n t s the suga r content was de t e rmined by the Luff-Schoor l me thod , t he 
refract ion value us ing a hand r e f r a c t o m e t e r , and the t i t r a t ab le acid c o n t e n t with 0.1 N N a O H 
in the presence of Phenolphthale in . 
S tudying t h e effect of E t h r e l on abscission in 1974 and 1975, we obta ined the resul t s 
found in Table 1. According to t h e results , the force required for the separa t ion of s tem a n d 
f ru i t greatly decreased under t he inf luence of spray ing on 16th J u n e (a week before harves t ) . 
The difference f o u n d at the beginning between the e f fec t s of the tw o concen t ra t ions d i sappeared 
b y the time mechan ica l shaking took place. Therefore , in 1976, when t h e enzymological exami-
nat ions were ca r r i ed out , only t he 500 p p m concen t ra t ion was used. 
Table 2 con ta ins the average values of re la t ive viscosity and r emov ing force. Solut ions 
containing E t h r e l and zinc were app l ied on 18th J u n e . The relative viscosi ty da ta for the lower 
zone are show n in Fig. 1, those for t h e upper zone in Fig. 2, while the change in the removing force 
is illustrated in F ig . 3. Figures 1 a n d 2 also show the va lue (4.93) of the combined solution of t h e 
extract ing b u f f e r and the subs t ra te . At values of re la t ive viscosity lower t h a n this the cellulase 
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Table I 
Lffect of Ethrel treatments on fruit removing force (in ponds) 
in the lower abscission zone in the case of Pándy sour cherry 
Trea tmen t 
Measuring date 
19 74* 1975** 
26 th J u n e 2nd J u l y 19th June 24th J u n e 
Eth re l 500 p p m 252 66 159 95 
E th re l 1000 p p m 162 79 128 69 
Control 559 276 229 164 
* T i m e of s p r a y i n g : 21st J u n e (Szigetcsép) 
** Time of s p r a y i n g : 16th J u n e ( K e c s k e m é t ) 
depo lymer i zes its s u b s t r a t e , while a t h i g h e r va lues the e n z y m e ac t s in the d i r e c t i o n of polymer-
i za t ion . 
T h e d a t a show t h a t the e n z y m a t i c d c p o l y m c r i z a t i o n s topped in b o t h abscission zones 
some t e n d a y s before t h e t r e a t m e n t , a n d even in the c o n t r o l t rees , which fo l lowed a n a t u r a l 
course of r ipen ing ( c o n t i n u o u s line in t h e f igures) , the e n z y m e became i n h i b i t e d . On the s ix th 
d a y a f t e r the t r e a t m e n t t he inh ib i t ion ceased , then b y t h e n i n t h day t h e e n z y m e ac t iv i ty 
dec r ea sed again . I n t h e lower zone on t h e t h i r d day t he E t h r e l t r e a t m e n t ( b r o k e n line in t h e 
f igu re ) caused no s u b s t a n t i a l change in t h e enzyme a c t i v i t y compared t o t h e control , while 
u n d e r t h e inf luence of t h e combined E t h r e l a n d zinc t r e a t m e n t (dot ted l ine in t h e f igure) a n d 
of t h e zinc t r e a t m e n t ( d o t t i n g in t h e f i g u r e ) a s t rong i n h i b i t i o n occurred . O n t h e s ixth d a y 
s t r o n g inh ib i t ion w a s obse rved even in t h e E t h r e l and t h e c o m b i n e d t r e a t m e n t , while the re-
sponse to t he t r e a t m e n t w i t h zinc was a v e r y s t rong i n h i b i t i o n . On the n i n t h d a y the control 
a n d all t r e a t m e n t s s h o w e d near ly i den t i ca l e n z y m e ac t iv i t i es . I n the uppe r zone t h e t r e a t m e n t s 
d id n o t essent ia l ly c h a n g e the e n z y m e a c t i v i t y compared t o the control . 
O n t he t h i rd d a y following t he t r e a t m e n t the va lue s of t h e r emoving f o r c e fell to 58 a n d 
68 % of t h e cont ro l as a response to t h e E t h r e l and the c o m b i n e d t r e a t m e n t , r espec t ive ly . B y 
t h e s i x t h d a y the E t h r e l t r e a t m e n t d e c r e a s e d the r e m o v i n g fo rce to 33 a n d t h e combined t r e a t -
m e n t to 3 9 % c o m p a r e d to t he control . U n t i l t he n in th d a y t h e percentages d i d n o t essent ial ly 
c h a n g e . T h e zinc t r e a t m e n t did no t g r e a t l y change the r e m o v i n g force c o m p a r e d to the control 
(104, 90 a n d 95%) . T h e t r e a t m e n t s d id n o t cause s u b s t a n t i a l changes in t he compos i t i on of t h e 
f r u i t . 
Accord ing to o u r d a t a , in the cour se of r ipening t he cel lulase ac t iv i ty dec reases , becomes 
i n h i b i t e d , t hen i m m e d i a t e l y before fu l l r i penes s is released f r o m the inh ib i t ion f o r a short t ime . 
Th i s is p r e s u m a b l y w h a t s t a r t s the p rocess leading to t h e b r e a k i n g of t h e v a s c u l a r bundles 
(LEOPOLD 1971). T h e E t h r e l t r e a t m e n t p r o b a b l y acce lera tes t h i s process, so t h e s t rong inhibi-
t i on occu r r ing on t h e s i x t h day is p r o b a b l y t h e analogue of t h e inh ib i t ion a p p e a r i n g on the n i n t h 
d a y in t h e control t r ees . T h e inh ib i t ion of t h e enzyme can b e expla ined as b e i n g t h e inh ib i to ry 
e f f ec t of t h e r eac t ion p r o d u c t fo rmed i n t h e previous , m o r e ac t ive phase ( l a s t i n g 0—3 days) . 
T h e d a t a of the zinc a n d combined t r e a t m e n t s suggest t h a t Zn , like Ca (STÖSSER el al. 1969), 
r e in fo rces t h e pec t in n e t w o r k wi th an ion ic t y p e bond , w h e r e b y the r emov ing f o r c e is increased 
a n d t h e condi t ions of d i f fu s ion are m o d i f i e d . Zn m a y , a t t h e same t ime, e x e r t a n act ivizing 
e f f ec t on the e n z y m e , so t h a t two s i m u l t a n e o u s effects a c t in opposi te d i r e c t i o n s . 
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Table 2 
Effects of Ethrel and zinc treatments on the relative viscosity proportional to enzyme activity 
zone (Sziget-
26th May 11th J u n e 16th June 18th June* 
L o w e r zone 3.72 5.02 5.26 6.64 
Re la t ive viscosi ty 
U p p e r zone 3 .88 5.40 5.10 6.34 
(r,) 
Fru i t r e m o v i n g force (in p o n d s ) 
— — — — 
Fig. 1. Changes in t he r e l a t i v e v iscos i ty (r/), inversely p r o p o r t i o n a l to ce l lu lose ac t iv i ty 
for t he lower abscission z o n e of P á n d y s o u r cherr ies as a r e s p o n s e to t r e a t m e n t s w i t h E th re l 
and zinc (Szigetcsép, 1976) 
T h e ef fec t of E t h r e l c a n be observed b y t he th i rd d a y , wh i l e the zinc, w h i c h establ ishes 
an ionic b o n d , increases s t i l l m o r e the a d h e r e n c e of s tem a n d f r u i t . The double role of Zn sug-
gested a b o v e is shown in t h e d a t a of t h e s i x t h p o s t - t r e a t m e n t d a y , when t he r e m o v i n g force 
decreases compared to t h e con t ro l , b u t t he fo rce required fo r t h e separa t ion is dec reased to a 
g rea te r e x t e n t by the c o m b i n e d and E t h r e l t r e a t m e n t t h a n b y t h e zinc t r e a t m e n t . 
I n add i t ion , an i n t e r e s t i n g obse rva t i on w a s made on t h e t r ee s included in t h e combined 
t r e a t m e n t : t he wi ther ing a n d fal l ing of l eaves caused by t r e a t m e n t s wi th E t h r e l (GRAUSLUND 
STOJANOV 1971) did n o t o c c u r . 
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in the lower and upper abscission zone, and on the fruit removing force with respect to the lower 
csép, 1976) 
2 I s t June 24 th J u n e I 27th J u n e 
С 
E E + Zn Zn с E E + Zn Zn 
С 
E E + Zn Zn 
7.26 7.39 9.89 13.7 5.10 20.4 22.4 66.4 6.97 7.99 7.47 7.29 
6.49 6.37 5.90 6.12 5.20 5.35 4.95 5.48 5.73 5.68 5.94 5.87 
377 219 255 391 297 97 117 268 268 85 105 256 
E 
* = da te of t r e a t m e n t 
С = cont ro l 
E = E th re l 500 p p m 
Z n = zinc 50 p p m 
Z n = E t h r e l 500 p p m zinc 50 p p m 
control 
1 ret 
10 
Ethrel 
Ethrel + Zn 
Zn 
У 
V. 26. Vl.11. VI.16.VI.18.VI.21.VI.2i.VI.27 
date 
Fig. 2. C h a n g e s in the r e l a t i ve viscosi ty (rj), i nverse ly p r o p o r t i o n a l to cellulase a c t i v i t y , 
for the u p p e r abscission zone of P á n d y sour c h e r r i e s as a response t o t r e a t m e n t s w i t h E t h r e l 
and zinc (Sz ige t c sép , 1976) 
Table 3 
Effect of Ethrel and zinc treatments on changes in the values 
of components in Pándy sour cherry (Szigetcsép, 1976) 
Parameters examined 
С 
E E + Zn Zn 
Ref rac t ion , % 17.6 18.2 16.6 17.0 
T o t a l sugar (g/1) 107.6 113.6 105.2 105.2 
Reduc ing sugar (g/1) 107.3 113.2 107.6 105.2 
T i t r a t a b l e acid (g/1) 32.3 33.6 29.8 32.5 
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picking force 
( in ponds) 
Fig. 3. Changes in the picking f o r c e (in ponds) ac t i ng oil t h e lower absc i s s ion zone of P á n d y 
sour cher r ies as a response t o t r e a t m e n t s w i t h E t h r e l and zinc (Sz ige tcsép , 1976) 
* 
Prepared a t t he D e p a r t m e n t of Chemis t ry a n d D e p a r t m e n t of F r u i t Growing, U n i v e r s i t y 
of Hor t i cu l tu re , B u d a p e s t 
Z. SZABÓ, M . DÁVID, M . TÓTH 
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N U T R I T I O N A L A N D P H Y S I O L O G I C A L S T U D I E S I N J E R S E Y CATTLE. I I . E F F E C T 
O F P L A N E O F N U T R I T I O N O N B L O O D P I C T U R E A N D L Y S A B I L I T Y O F 
E R Y T H R O C Y T E S I N Y O U N G J E R S E Y M A L E A N D F E M A L E C A L V E S 
Blood fulfils a n u m b e r of essent ial f unc t i ons in the b io logica l processes of g rowth and 
deve lopmen t . The v a r i a t i o n s in blood c o n s t i t u e n t s have been considered as a possible criteria 
of t h e r a t e and e c o n o m y of gain. 
Several s tudies h a v e been conduc t ed to determine spec i f i ed blood c o n s t i t u e n t s in grow-
ing ca t t l e of var ious w e i g h t s or at d i f f e r e n t stages in the l ife cycle , and a t t e m p t s have been 
m a d e to re la te these b lood cons t i tuen t s t o t h e grow th or p e r f o r m a n c e of the a n i m a l . MCDONALD 
et al. (1956) measured b l o o d haemoglob in , glucose, urea , a m i n o acid ni t rogen, c rea t in ine and 
ur ic acid levels in g rowing Hereford a n d A n g u s calves at two b o d y weights. B lood cells of dif-
f e ren t t y p e s have been m e a s u r e d in re la t ion to body weight b y BIIANNASIRI et al. (1961). Fur-
t h e r m o r e , ARTHAUD et al. (1959) measu red selected blood c o n s t i t u e n t s and blood cells in rela-
t ion to the growth of beef ca t t le . 
In chickens, PETROVSKY (1972) p r o v e d t h a t a ce r t a in re la t ionsh ip ex i s t s be tween egg 
p r o d u c t i o n and the lysis of chicken e r y t h r o c y t e s by bovine s e m i n a l plasma. T h e correlations 
be tween egg p roduc t ion a n d the lysahi l i ty of pul le t e r y t h r o c y t e s a t an early s tage of product ion 
were h igh and s ign i f ican t (KHATTAB EL-ALAMY 1974). N e v e r t h e l e s s , l i t e r a tu re is lacking on 
t h e re la t ion be tween t h e lysis of ca t t le e r y t h r o c y t e s and e c o n o m i c t ra i t s such as daily body 
weigh t ga in , or ra te of g r o w t h . 
Th is s tudy was u n d e r t a k e n to e v a l u a t e certain blood c o n s t i t u e n t s a n d t h e lysahil i ty of 
e r y t h r o c y t e s in year l ing J e r s e y bulls and he i fe r s fed three p l a n e s of nu t r i t ion , as possible early 
selection cr i ter ia for t h e r a t e of g rowth . 
Th is s t u d y was ca r r i ed out a t the E x p e r i m e n t a l F a r m , F a c u l t y of Agr i cu l tu r e , Assiut 
Un ive r s i t y , in the yea r s 1974 and 1975. T h i r t y Jersey calves (15 animals of e a c h sex) of 4 to 6 
m o n t h s of age were used . T h e planes of n u t r i t i o n and the s y s t e m of feeding were described in 
a p rev ious repor t by ABDEL-HAFIZ EL-ALAMY (1976), and a r e summar ized in T a b l e 1. 
Blood samples ( a b o u t 30 ml) were collected f rom each a n i m a l at one yea r of age and this 
was r epea ted 4 t imes a t 45 d a y in tervals f o r six months . T h e s e s amples were o b t a i n e d f rom the 
j u g u l a r vein in large t e s t t u b e s con ta in ing a well dried a n t i c o a g u l a n t of a m m o n i u m and potas-
s ium oxa la te . About 3.0 m l of each blood sample was used f o r count ing t h e b lood cells, for 
haemoglob in d e t e r m i n a t i o n s and for ly sah i l i ty tests on t h e e r y t h r o c y t e s . T h e r ema inde r was 
cen t r i fuged at 3000 r . p . m . fo r 30 minu te s a n d about 10 ml of b lood plasma w a s ob t a ined f rom 
each sample . 
Red blood corpusc les and white cells were counted u s i n g a h a e m o c y t o m e t e r and haemo-
globin was es t imated u s ing a haemog lob inome te r . The u rea -N a n d t o t a l prote in were determined 
in blood p lasma. T h e u r e a - N was d e t e r m i n e d gasometr ical ly b y Covarsky 's m e t h o d (PETRO-
ONKINA 1961), and t o t a l p ro t e in was d e t e r m i n e d using a r e f r a c t o m e t e r . 
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Table 1 
Estimated dietary intake of energy (S.V.) and digestible crude protein (D.C.I'.) 
of both male and female Jersey calves from the various feeding regimes 
Starch va lue (S.V.) kg D C.P. g 
Groups 
6 - 1 2 months 12 — 18 months 6 - 12 months 12 18 m o n t h s 
I and IV 
II and V 
I I I and V I 
1 . 5 5 
1 . 9 4 
2 . 3 3 
2.21 
2 . 7 1 
3 . 3 2 
304 
380 
456 
436 
545 
654 
F o r e s t ima t ing t h e r a t e of h a e m o l y s i s of red blood cells ( lysabil i ty of e r y t h r o c y t e s ) the 
fo lk V ing s teps were a d o p t e d : 1. 0.1 ml w h o l e blood f rom each sample was p u t i n t o a centr i fuge 
t u b e c o n t a i n i n g 5 ml s e m i n a l p lasma f r o m J e r s e y bulls in sal ine a t a rat io of 1 : 160. 2. The tubes 
were s h a k e n tho rough ly a n d incuba ted a t 37°C for one h o u r , followed by c e n t r i f u g á d o n a t 
3000 r . p . m . for 10 m i n u t e s . 3. The colour d e n s i t y of the lysed e r y t h r o c y t e s w a s r e a d colorimet-
r ical ly a t a wave l eng th of 520 nm and t h e solu t ion of each s a m p l e was r e t u r n e d to the same 
t u b e . 4. T h e tubes were wel l s toppered a n d k e p t in the f r e e z e r overn ight . T h e samples were 
t h a w e d on the following d a y , and s h a k e n v igorous ly for c o m p l e t e haemolys i s . 5. T h e samples 
were c c n t r i f u g e d again as be fo re , and t he d e n s i t y of colour a f t e r comple te h a e m o l y s i s was deter-
m i n e d color imetr ica l ly u s i n g the same w a v e l eng th . The p e r c e n t a g e rate of h a e m o l y s i s (lysa-
b i l i ty % ) of each sample w a s calcula ted a s : 
T h e d a t a were t r a n s f o r m e d to t h e a r e s i n ]/ propor t ion a n d s ta t is t ica l ly a n a l y z e d , accord-
i n g t o S N E D E C O R ( 1 9 6 2 ) . 
Simple cor re la t ions be tween l y s a b i l i t y and average b o d y weight gain a t 12, 15 and 18 
m o n t h s of age were ca l cu l a t ed . In spite of t h e f a c t tha t the l y sab i l i t y was d e t e r m i n e d 5 times in 
6 m o n t h s , t he simple cor re la t ions were o n l y calcula ted 3 t i m e s in order to g ive m o r e accuracy 
in c o m p u t i n g the a v e r a g e da i ly weight g a i n . 
T h e blocd p ic ture of male and f e m a l e J e r s e y calves fed t h r e e planes of n u t r i t i o n are shown 
in T a b l e 2. These resul ts show t h a t , in b o t h sexes , the red b lood corpuscles pe r c u b i c mill imetre 
i nc reased wi th the increase in the plane of n u t r i t i o n . Also, it w a s slightly h i g h e r in males t h a n 
in f e m a l e s fed at the s a m e feed ing level. I n t h i s connect ion, ARTHAUD et al. (1959) r epor t ed t h a t 
t he e r y t h r o c y t e coun t p e r cubic m i l l i m e t r e ranged f rom 8.339 to 9 . 0 1 1 X 1 0 " , while DIKES 
(1955) s t a t e d t ha t in c a t t l e the average e r y t h r o c y t e n u m b e r w a s 6.3 mil l ion p e r cubic milli-
m e t r e . H e added t h a t t h e n u m b e r of e r y t h r o c y t e s varies wide ly wi thin the spec i e s and within 
the i n d i v i d u a l ( i n t r a - i n d i v i d u a l va r i a t i on ) a n d is affected b y sex , age, e n v i r o n m e n t , nut r i t ion 
s t a t u s , exercise , c l imate a n d other f a c t o r s . 
T h e values of h a e m o g l o b i n showed n e a r l y the same t r e n d of e r y t h r o c y t e s in respect to 
t he f f f e e t cf the p lane of n u t r i t i o n , b u t t h e r e w a s no d i f ference be tween male a n d female calves 
on t h e general average . T h e dif ferences in haemoglobin concen t r a t i on b e t w e e n t r e a t m e n t s 
could b e a t t r i b u t e d to t h e dif ferences in d iges t ib l e crude p r o t e i n in take . MANSTON et al. (1975) 
f o u n d s ign i f ican t d i f fe rences ( P < 0.05) b e t w e e n the high a n d low protein g r o u p s in mean con-
c e n t r a t i o n s of haemog lob in a n d packed cell vo lume . The v a l u e s of haemog lob in a re within the 
n o r m a l r ange . DI KES (1955) and ARTHAUD et al. (1959) r e p o r t e d t ha t h a e m o g l o b i n g/100 ml 
r a n g e d f r o m 11.1 to 12.2 in cat t le . 
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On t h e o the r hand , w h i t e blood cells were n o t affected b y t h e plane of n u t r i t i o n and it 
was of s ign i f i can t ly higher c o n c e n t r a t i o n in f e m a l e t h a n in male c a l v e s (Table 3). T h e r e d blood 
corpuscles a n d haemoglobin m o s t l y increased w i t h the increase i n age, while t h e c o u n t of 
white blood cells f l uc tua ted b u t did not follow t h e same t rend . S ta t i s t i ca l analysis (Tab le 3) 
showed t h a t t h e differences in t hese three c h a r a c t e r s between p e r i o d s were s ign i f ican t . 
T h e u r e a nitrogen c o n c e n t r a t i o n was s ign i f i can t ly higher in ma le t han in f e m a l e calves 
receiving t h e s a m e level of n u t r i t i o n . Similar r e s u l t s were r e p o r t e d b y BOLING et al. (1972), 
who f o u n d t h a t urea n i t rogen va lues were m u c h lower in heifers t h a n those obse rved in bulls. 
This m a y be due to the d i f fe rences in metabol i sm b e t w e e n the sexes. Also, as was to be e x p e c t e d , 
the urea n i t rogen concen t ra t ion was s igni f icant ly d i f ferent b e t w e e n t h e high and low p lane of 
nu t r i t i on w i t h i n the sexes. T h i s is due to t h e di f ferences in d iges t ib le crude p r o t e i n in take . 
Tab le 2 
Blood picture of Jersey male and female calves fed three planes of nutrition 
Groups 
R.B С.X KP/mm 3 
White 
eellsx 10 : l/mm3 
Haemoglobin 
g/100 cc 
Urea-N 
mg/100 cc 
T o t a l protein 
g/100 ec 
Mean SE Mean SE Mean SE Mean SE Mean SE 
Malts 
I 5.8169 ± 0.1496 10.38 ± 0.613 10.55 ± 0.225 61.72 ± 4.443 6.17 ± 0.210 
I I 6.2482 ± 0.1756 10.20 ± 0.447 11.11 ± 0.276 62.18 ± 3.500 6.99 ± 0.268 
I I I 6.3533 ± 0.2265 9.84 ± 0.427 11.00 ± 0.198 66.10 ± 1.255 7.04 ± 0.370 
Average 6.1714 ± 0.1120 10.07 ± 0.287 10.89 ± 0.142 63.37 ± 2.341 6 .73 ± 0.172 
Females 
IV 5.7212 ± 0.1868 10.60 ± 0.535 10.84 ± 0.212 47.77 ± 2.687 6 .31 ± 0.252 
V 6.0972 ± 0.2067 11.68 ± 0.582 10.69 ± 0.215 55.97 ± 4.348 6.92 ± 0.299 
VI 6.3768 ± 0.1946 10.32 ± 0.450 11.12 ± 0.172 56.61 ± 3.785 6.60 ± 0.241 
Average 6.0651 ± 0.1235 10.87 ± 0.307 10.89 ± 0.116 53.45 ± 2.143 6 .61 ± 0.154 
G r o u p s I and IV, I I a n d V, and I I I a n d V I were fed 100, 125 a n d 150% of t h e Ghone im 
s t a n d a r d , respec t ive ly 
Tab le 3 
Statistical analysis for the differences in some blood characters of Jersey male 
and female calves fed three planes of nutrition 
Source of var iance Degrees of 
freedom 
Mean squares of 
R.B.C. W h i t e blood 
cells 
Haemoglobin Ureo-N Tota l 
protein 
Sex 1 0.0060 0.0417* 0.0010 3691.23** 0.573 
T rea tmen t 2 0.0272** 0 .0153 1.646* 1070.35** 7.296* 
Periods 4 0.0137* 0 .0506** 28.491** 3295.98** 2.120 
Error 142 0.0044 0.0092 0.493 222.52 1.915 
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CROSS et al. (1974) also r epor t ed a lower ( P < 0.05) p l a s m a u r e a ni trogen leve l in steers r ece iv ing 
a low level of n i t r o g e n as compared t o t hose receiving a h i g h e r level of n i t r o g e n . 
The resul t s in T a b l e 2 also s h o w t h a t there were s igni f icant d i f f e r e n c e s (P < 0.05) in 
p l a s m a to t a l p r o t e i n be tween the t h r e e t r e a t m e n t s in b o t h sexes, an ima l s rece iv ing the lower 
p l a n e of nu t r i t i on h a v i n g lower c o n c e n t r a t i o n s of p l a s m a p r o t e i n than t hose rece iv ing the h i g h e r 
level . On the o t h e r h a n d , to ta l p l a s m a p r o t e i n c o n c e n t r a t i o n s were s l ight ly h i g h e r in male t h a n 
in f ema le calves, e spec ia l ly when t h e y were fed the h i g h e r level of n u t r i t i o n . However , t h e s e 
d i f fe rences were n o t s t a t i s t i ca l ly s i g n i f i c a n t . Similarly BOLING et al. (1972) r e p o r t e d t ha t p l a s m a 
p r o t e i n in heifers w a s s l ight ly lower t h a n the values o b s e r v e d in bulls. 
I t is conc luded f r o m the r e s u l t s in this pape r t h a t t h e c o n c e n t r a t i o n of urea in b lood 
p l a s m a can be a s ens i t i ve indica tor of t h e cur ren t i n t a k e of digestible c r u d e p ro te in and t h a t 
t h e p l a sma h a e m o g l o b i n c o n c e n t r a t i o n c a n be a useful i n d e x of protein s t a t u s in yearl ing ca lves . 
Concerning t h e lysabi l i ty of e r y t h r o c y t e s , the r e s u l t s in Table 4 i n d i c a t e d tha t the semi -
n a l p l a sma of J e r s e y bu l l s (used as a t i t r e ) caused s l i g h t l y , b u t i n s ign i f i c an t l y higher gene ra l 
a v e r a g e s of h a e m o l y s i s in the e r y t h r o c y t e s of Jersey f e m a l e calves t h a n in t h o s e of the m a l e s . 
H o w e v e r , the r a t e of haemolys i s w a s n o t a f fec ted by t h e p l a n e of nu t r i t ion in t h e female g r o u p s 
a n d sl ightly dec reased w i th the inc rease in the level of f o o d in take in t h e m a l e groups. KHAT-
TAB—EL-ALAMY (1974) r epor ted t h a t cock e ry th rocy t e s w e r e more r e s i s t a n t t o lysis t han t h o s e 
of pu l le t s . 
Table 4 
Lysability of Jersey erythrocytes as affected by sex, age and plane of nutrition 
Stage 
Lysis % 
100% Sta. 125% Sta. 150% Sta. 
Mean SE Mean SE Mean SE 
Males 
( 1 ) 12 .0 m o n t h s 3 5 . 3 4 ± 13 .79 3 9 . 4 6 ± 14 .02 4 5 . 8 7 ± 1 4 . 0 0 
( 2 ) 1 3 . 5 8 4 . 0 0 ± 12 .37 7 4 . 4 4 ± 9 .66 7 7 . 3 9 ± 1 1 . 0 5 
( 3 ) 15 .0 2 7 . 1 5 ± 5 .80 2 6 . 8 4 ± 4 .06 2 7 . 0 3 ± 5 . 0 5 
( 4 ) 16 .5 ,, 5 6 . 0 8 ± 9 . 4 1 6 6 . 4 0 ± 4 . 8 0 5 8 . 1 2 ± 3 . 3 0 
( 5 ) 18 .0 „ 5 5 . 5 2 ± 5 .94 3 8 . 6 7 ± 10 .97 3 5 . 9 3 ± 5 . 5 1 
A v e r a g e 5 1 . 6 2 ± 5 .72 4 9 . 1 6 ± 5 . 3 3 4 8 . 8 7 ± 3 . 0 2 
F e m a l e s 
( 1 ) 12 .0 m o n t h s 6 1 . 6 4 ± 5 .75 5 6 . 5 7 ± 10 .86 6 6 . 3 8 ± 1 0 . 3 1 
( 2 ) 13 .5 ,, 7 2 . 8 7 ± 7 . 3 0 5 7 . 9 2 ± 11 .50 5 3 . 2 8 ± 1 1 . 1 6 
( 3 ) 15 .0 ,, 3 3 . 1 9 ± 8 .08 2 8 . 6 7 ± 8 .25 3 1 . 1 2 ± 7 . 9 2 
( 4 ) 1 6 . 5 ,, 6 1 . 4 5 ± 7 .77 6 5 . 1 9 ± 3 . 8 8 6 5 . 5 4 ± 6 . 2 8 
( 5 ) 18 .0 
» 
3 4 . 4 5 ± 4 . 8 3 4 5 . 5 1 ± 8 .25 3 9 . 6 3 ± 1 0 . 6 2 
A v e r a g e 5 2 . 7 2 ± 4 .30 5 0 . 7 7 ± 4 . 5 0 5 1 . 1 9 ± 4 . 8 7 
S t a . = G H O N E I M s t a n d a r d ( 1 9 5 0 ) 
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Table 5 
Analysis of variance of the differences in lysability 
due to sex, age and plane of nutrition 
Source 
of var iance d.f. 
Mean squares of 
r a t e of haemolysis 
Sex 1 5.47 
T r e a t m e n t 2 37.00 
Per iods 4 3606.99** 
Er ro r 142 199.18 
** S ign i f ican t ( P < 0.01) 
Front a n o t h e r po in t of v iew, t h e e f f ec t of age or s t age of g r o w t h in b o t h sexes on t h e 
r a t e of haemolys i s ( lysab i l i ty % ) was clear and t he d i f fe rences were s t a t i s t i ca l ly h igh ly signifi-
c a n t (Table 5). S ign i f i can t age d i f fe rences in the lysab i l i t y of chicken e r y t h r o c y t e s were f o u n d 
b y PETROVSKY ( 1 9 7 2 ) a n d KHATTAB — EL-ALAMY ( 1 9 7 4 ) . 
The r e l a t i onsh ip be tween da i ly we igh t gain a n d l y s a b i l i t y showed t h a t in males t h e r e 
w a s a nega t ive co r r e l a t i on a t 12 m o n t h s of age (r = —0.44) . Th is m a y be due t o changes in t h e 
h o r m o n a l ba lance a c c o m p a n y i n g t he s t age of p u b e r t y in males . At th is s tage , t h e r e was a rela-
t i ve ly h igher b o d y we igh t gain coupled w i t h a re la t ive ly lower r a t e of ly sab i l i ty . On t he o t h e r 
h a n d , these cor re la t ions were posi t ive a n d non-s ign i f i can t a t 15 a n d 18 m o n t h s of age (r = 0.22 
a n d 0.31, respec t ive ly) . I n females , t h e s e cor re la t ions were pos i t ive a n d s ign i f i can t only a t 18 
m o n t h s of age (r = 0.17, 0.24 and 0.56 a t 12, 15 and 18 m o n t h s , respec t ive ly) . T h e s e d i f fe rences 
i nd i ca t e t h a t male e r y t h r o c y t e s are m o r e r e s i s t an t to lysis t h a n those of f e m a l e s a n d th is m a y 
he due to the d i f f e rence in the level of sex h o r m o n e s in t h e blood of the a n i m a l s . 
I n general , t h e p re sen t d a t a s h o w e d t h a t the l y s a b i l i t y average in f e m a l e s w h e n t h e y 
g a i n e d less t h a n 0.21 k g / d a y was 3 6 . 7 7 % , a n d when t h e y ga ined 0.21 kg or m o r e t h e ave rage 
w a s 50 .49%. The l y s a b i l i t y average in ma les which ga ined less t h a n 0.41 k g / d a y w a s 4 0 . 5 1 % 
a n d in those which ga ined 0.4] k g / d a y or m o r e t he ave rage w a s 28 .72%. This f i n d i n g ind i ca t ed 
t h a t males wi th a r e l a t i ve ly higher gain showed lower lysab i l i t y while f emales w i t h a re la t ive ly 
h i g h e r b o d y weigh t ga in showed t h e reverse . 
F r o m a p r a c t i c a l po in t of v iew, t h e p resen t w o r k could be cons idered as a p r e l i m i n a r y 
s t e p t o w a r d s t e s t i ng t h e r a t e of h a e m o l y s i s ( lysab i l i ty % ) as an ind ica to r fo r ea r ly select ion, 
especia l ly in male ca lves , for higher b o d y we igh t gain. A la rge n u m b e r of y o u n g a n i m a l s of b o t h 
sexes m u s t be i nc luded in the n e x t e x p e r i m e n t a l s t u d y f o r a more accu ra t e e v a l u a t i o n of t h i s 
r e l a t ionsh ip . 
* 
P r e p a r e d a t t h e D e p a r t m e n t of A n i m a l P r o d u c t i o n , F a c u l t y of Agr i cu l t u r e , Assiut 
U n i v e r s i t y , Assiut 
M . A . E L - A L A M Y , G . E . A B D E L HAFIZ 
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E F F E C T O F D I F F E R E N T L E V E L S O F S O D I U M C H L O R I D E O N T H E G R O W T H A N D 
M I N E R A L C O M P O S I T I O N O F S O M E W H E A T V A R I E T I E S 
W h e a t is one of t h e m a i n crops t h a t is c u l t i v a t e d in m a n y coun t r i es of t h e a r id and 
semiar id regions. Many a u t h o r s r epo r t ed t h a t p l a n t s which are h igh ly sal t t o l e r a n t can effec-
t ively c o n t r o l salt levels w i t h i n the p lant by p a r t i t i o n i n g the sa l t to specialized leaf t i ssue or by 
r e t en t i on of excess sal t in t h e roots (WALLACE et al. 1973). I n t h i s r e spec t , w h e a t p l a n t s are 
m o d e r a t e l y sal t t o l e ran t . U n d e r E g y p t i a n cond i t i ons , a g r i c u l t u r a l expans ion d e p e n d s on cult i-
v a t i n g la rge areas of t he w e s t e r n deser t , whi le a cons iderab le a rea of t he c u l t i v a t e d soil is salt-
a f fec ted soil. However , t h e con t ro l of the w h e a t p l an t over s a l in i ty var ies be tween t h e d i f f e ren t 
s tages of g r o w t h , as r e p o r t e d by BERNSTEIN- HAYWARD (1958). Since t he g e r m i n a t i o n a n d 
seedling s t ages are the m o s t sensi t ive s t ages in th i s r e spec t , t h e y are nega t ive ly a f f e c t e d by 
high c o n c e n t r a t i o n s of so lub le sal ts in t he r o o t m e d i u m , as r e p o r t e d by MALEWALL PALEWALL 
(1967). 
T h e wide-spread c u l t i v a t i o n of Mexican w h e a t s u n d e r E g y p t i a n soil a n d e n v i r o n m e n t a l 
cond i t ions requi res a g r e a t dea l of i n f o r m a t i o n in o rde r to r e t a i n t h e i r h igh p r o d u c t i v i t y t h r o u g h 
in tens ive a n d more speci f ic inves t iga t ions . T h e p u r p o s e of t h i s s t u d y was to d e t e r m i n e some 
g r o w t h charac te r i s t i c s a n d t h e mineral compos i t i on of f ive w h e a t var ie t ies as a f f e c t e d by dif-
fe ren t levels of sodium ch lo r ide , f r o m the p o i n t of view t h a t such a s t u d y is i m p o r t a n t for secur-
ing t h e i r h igh p r o d u c t i v i t y in E g y p t . 
A p o t e x p e r i m e n t w a s conduc ted a t t h e beg inn ing of O c t o b e r 1976 in t he g reenhouse of 
the soil d e p a r t m e n t , F a c u l t y of Agr icu l tu re , El -Minia . T h e soil used in th is s t u d y w a s b rown 
a l l uv ium, non saline a n d of clay loam t e x t u r e f r o m the s u r f a c e layer of the e x p e r i m e n t a l 
f a r m of t h e El-Minia F a c u l t y of Agr icu l ture . T h e soil s ample w a s a i r -dr ied and s ieved t h r o u g h 
a 2 - m m sieve. R e p r e s e n t a t i v e soil samples were ana lyzed to d e t e r m i n e p H (1 : 2.5), E.C. m 
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m h o s / c m , organic m a t t e r °/0, C a C 0 3 % , C . E . C . me/100 g soil a n d exchangeab le c a t i o n s N a — К — 
Ca — Mg me/100 g soil a n d a mechanica l a n a l y s i s was m a d e . T h e physical a n d c h e m i c a l charac-
te r i s t ics of t he soil are g i v e n in Table 1. 
P l a s t i c pots 12 c m in d iamete r w e r e f i l l ed wi th 250 g of t h e sieved soil s a m p l e . The whea t 
va r i e t i e s u n d e r i n v e s t i g a t i o n were Giza 156 and four M e x i c a n variet ies, n a m e l y , Gori 69, 
C h e n a b 70, Supe r X a n d M a x b a c k 69. A comple t e ly r a n d o m i z e d design w i th 6 repl ica tes a n d 
f ive t r e a t m e n t s cons is t ing of d i f ferent l eve l s of NaCl, t o g e t h e r wi th a con t ro l . 20 me/1 CaCl., 
was a p p l i e d w i th all so lu t ions receiving N a C l (10, 50, 150, 250 a n d 400 me/1 N a C l ) . The highest 
level is m o r e c o n c e n t r a t e d t h a n sea wa te r . I n e a c h pot t w e n t y f i v e seeds f rom t h e w h e a t var ie t ies 
s t u d i e d were sown a t a d e p t h of 1 cm. All t h e p o t s received 125 ml of NaCl s o l u t i o n , except for 
the c o n t r o l which rece ived distilled w a t e r o n l y , thus r e a c h i n g t he field c a p a c i t y . E v e r y d a y 
t h e p o t s were i r r igated w i t h distilled w a t e r t o the i r field c a p a c i t y . Af ter 21 d a y s t h e seedlings 
were h a r v e s t e d and some g r o w t h c h a r a c t e r i s t i c s , i.e. the n u m b e r of seedl ings p e r pot , f resh 
we igh t pe r seedling, d r y w e i g h t per seedl ing h e i g h t and the n u m b e r of leaves p e r seedl ing, were 
r eco rded . R e p r e s e n t a t i v e samples of t he g r o u n d dry m a t t e r were wet ashed u s i n g H„S04 and 
H , 0 2 . T h e digest was f i n a l l y used for the c h e m i c a l d e t e r m i n a t i o n of N, P, CI, N a , K , Ca and Mg 
as c r i t e r i a for t r e a t m e n t eva lua t ion . T o t a l n i t rogen was d e t e r m i n e d a f te r J a c k s o n (1967), P 
was d e t e r m i n e d color imet r ica l ly a f t e r K i n g (1951), Na and К were de t e rmined u s i n g the f l ame 
p h o t o m e t e r , Ca and Mg were de te rmined b y prec ip i ta t ion a c c o r d i n g to LEPPER (1950) and CI 
was d e t e r m i n e d t i t r i m e t r i c a l l y using s i lver n i t r a t e solution (PIPER 1950). T h e d a t a obta ined 
were s t a t i s t i ca l ly a n a l y z e d as described b y SNEDECOR (1956). 
Growth characteristics. The values of s o m e growth cha rac t e r i s t i c s of t h e w h e a t variet ies 
s t u d i e d as a f fec ted by d i f f e r e n t levels of N a C l are presen ted in T a b l e 2. The r e s u l t s revealed a 
s ign i f i can t decrease in t h e n u m b e r of s eed l ings per pot espec ia l ly in t r e a t m e n t s above 50 
me/1 NaCl . Of the Mexican var ie t ies , C h e n a b 70 seems to be t h e m o s t salt t o l e r a n t a n d Super X 
the m o s t sa l t sensit ive v a r i e t y . No g e r m i n a t i o n was ob ta ined in a n y of the v a r i e t i e s t e s t ed a f t e r 
t he 400 ine/1 NaCl t r e a t m e n t and in S u p e r X no ge rmina t ion w a s obta ined a f t e r t h e 250 me/1 
NaCl t r e a t m e n t e i ther . T h i s m a n y be due t o t h e exp lana t ion m a d e by MALEWALL PALEWALL 
(1967), w h o r epor t ed t h a t s a l t to lerance a t t h e seedling s tage v a r i e d between t h e d i f f e r e n t whea t 
var ie t i es a n d seems to be d u e to the d i f f e r i ng ab i l i ty of the v a r i e t i e s to a d a p t t o t h e saline con-
di t ions . T h e d a t a o b t a i n e d showed t h a t f r e s h a n d dry we igh t s p e r seedling i n c r e a s e d in the 10 
me/1 NaCl t r e a t m e n t c o m p a r e d to the c o n t r o l in the va r i e t i e s Giza 156 and G o r i 69, bu t the 
increase w a s sl ight a n d n o t s ignif icant . T h e a fo re -men t ioned charac te r i s t ics d e c r e a s e d signifi-
can t ly a b o v e 10 me/1 NaCl . I n the o ther v a r i e t i e s all the NaCl t r e a t m e n t s caused a s ign i f ican t 
decrease in these cha rac t e r i s t i c s as c o m p a r e d wi th the con t ro l . Also, the seed l ing height and 
the n u m b e r of leaves per seedl ing dec reased s ignif icant ly in t r e a t m e n t s above 10 me/1 NaCl. 
T a b l e 1 
Physical and chemical characteristics of the soil* 
E.C. 
mmhos / 
cm 
C.E C. 
me/100 
g soil 
Exchangeab le cations 
me/100 g soil Mechanical analysi 
pH 
1.2.5 
O.M. 
% 
CaCO, 
% 
Na + K + Ca + + Mg+ + 
c. 
sand 
% 
F. 
sand 
/о 
Silt 
% 
Clay 
% 
Texture 
grade 
7.95 2.23 1.68 2.04 40.2 1.89 2.16 27.01 8.94 1.24 29.1 31.88 34.89 Clay 
loam 
* D e t e r m i n e d as d e s c r i b e d b y WALKLEY a n d BLACK ( 1 9 4 7 ) , PIPER a n d JACKSON (1967) 
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T a b l e 2 
The effect of different levels of NaC.l on some grouth characteristics of five wheat varieties 
NaCl F resh Dry Dry Seedling 
:
 Number of 
me/1 seedlings/pot weight/seed- weight/seed- mat ter , weight . leaves per 
l ing, mg ling, mg 0/ /0 cm ! seedling 
0 
10 
50 
150 
250 
400 
LSI) 5 
0 
10 
50 
150 
250 
400 
LSD 5% 
0 
10 
50 
150 
250 
400 
LSD 5° 
0 
10 
50 
150 
250 
400 
LSD 5 
18.3 
18.0 
17.3 
17.0 
16.0 
0.9 
22.5 
22.5 
19.8 
19.0 
4.8 
1.1 
18.8 
21.8 
22.3 
17.5 
10.3 
1 . 2 
22.3 
17.8 
16.3 
11.3 
1 . 2 
0 22.0 
10 21.0 
50 21.0 
150 11.5 
250 8.0 
400 
— 
LSD 5 % 1.3 
L S D of in terac t ion v a r i e t y 
X t r e a t m e n t 2 . 1 
Giza 156 
255.8 
264.0 
220.8 
130.0 
664.0 
11.8 
Gori 69 
226.8 
238.3 
194.5 
142.3 
73.5 
12.1 
Chenab 70 
249.5 
223.0 
200.0 
145.3 
66.0 
9.8 
Super X 
198.0 
178.3 
151.5 
82.5 
11.6 
Maxback 69 
214.5 
210.4 
164.5 
98.5 
47.5 
10.7 
18.2 
28.2 10.94 24.12 2.68 
30.2 11.44 25.27 2.64 
26.0 11.78 22.42 2.63 
18.8 14.46 15.66 2.28 
13.5 21.09 8.22 2.00 
1.91 1.64 0.03 
26.3 11.11 19.39 2.99 
27.3 11.88 19.80 2.99 
24.5 12.60 17.66 2.93 
23.0 16.16 14.77 2.40 
18.4 25.03 6 .99 1.85 
1.75 1.35 0.05 
27.5 11.02 21.56 2.99 
24.5 10.99 21.15 2.99 
23.8 11.90 19.99 2.98 
21.3 14.59 15.01 2.93 
11.5 17.42 7 .25 2.11 
1.48 1.12 0.03 
21.5 10.86 21.32 2.59 
21.0 11.77 20.71 2.55 
19.5 12.87 19.71 2.53 
15.0 18.18 10.64 2.24 
1.42 1.43 0.06 
23.5 10.95 24.24 2.82 
24.3 11.55 24.20 2.77 
20.8 12.64 22.45 2.62 
15.5 15.74 13.72 2.34 
9.3 19.58 6.17 2.04 
1.63 1.68 0.08 
2.80 2.35 0 .11 
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Table 3 
The effect of different levels of NaCl on the mineral composition % of five wheat varieties 
(Seedling stage) 
NaCl N p Cl 
% 
Na К Ca Mg 
Giza 156 
0 2.38 0.36 1.42 0.27 4.16 0.39 0.27 
10 2.31 0.34 2.74 0.72 3.62 0.67 0.23 
50 1.84 0.19 8.58 1.07 3.18 0.31 0.12 
150 1.73 0.19 10.22 1.34 2.96 0.30 0.11 
250 
400 
1.69 0.18 14.31 1.58 2.83 0.30 0.11 
L S D 5 % 0.21 0.08 1.03 0.21 0.42 0.16 0.03 
Cori 69 
0 2.81 0.39 1.28 0.19 4.28 0.43 0.29 
10 2.76 0.38 2.68 0.61 3.70 0.78 0.25 
50 2.23 0.25 8.40 0.98 3.31 0.36 0.15 
150 1.82 0.19 10.75 1.30 2.99 0.33 0 .13 
250 
400 
1.72 0.19 12.18 1.61 2.91 0.36 0.12 
L S D 5%, 0.18 0.11 1.15 0.13 0.41 0.13 0.08 
Chenab 70 
0 2.46 0.39 1.30 0.22 4.26 0.42 0.29 
10 2.19 0.35 2.77 0.78 3.45 0.81 0.24 
50 1.80 0.21 4 .43 0.89 3.11 0.35 0.12 
150 1.72 0.19 9.86 1.21 2.71 0.33 0.11 
250 1.65 0.18 13.71 1.59 2.69 0.30 0.11 
400 
— — — — — — — 
L S D 5 ° 0 0.25 0.09 1.40 0.24 0.51 0.15 0.09 
Super X 
0 2.36 0.37 1.29 0.20 4.22 0.40 0.28 
10 2.30 0.33 2.89 0.71 3.38 0.77 0.22 
50 1.81 0.18 9.65 1.61 2.93 0.38 0.12 
150 1.56 0.18 11.93 1.62 2.83 0.30 0.10 
250 
400 
— — 
_ 
— — — 
— 
L S D 5 % 0.27 0.10 1.56 0.27 0.58 0.18 0.07 
Maxback 69 
0 2.46 0.37 1.30 0.22 4.21 0.39 0 .28 
10 2.32 0.35 2.83 0.62 3.39 0.72 0.24 
50 1.95 0.20 8.42 0.92 3.09 0.36 0.12 
150 1.83 0.19 11.80 1.31 2.73 0.30 0.11 
250 1.60 0.19 13.08 1.60 2.80 0.32 0.11 
400 
— — — — — — 
— 
L S D 5 % 0.24 0.12 1.09 0.23 0.60 0.14 0.08 
LSD of i n t e r a c t i o n var ie ty 
X t r e a t m e n t 5 % 0.31 0.19 2.09 0.42 1.01 0.28 0.12 
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The decrease in the growth character is t ics of w h e a t seedlings due to the increase of salt 
concentrat ion in t h e root medium is repor ted to he t h e result of an increase in the rate of respi-
r a t ion during ge rmina t ion with increas ing salt concen t ra t ion . As repor ted by KLEINKOPF et al. 
(1975), the observed decrease is p r o b a b l y a result of t h e increased energy expendi ture r equ i red 
fo r salt pumping a n d the main tenance of tissue in tegr i ty . NIEMAN ( 1956) repor ted tha t CI s t i m -
u la tes oxygen consumpt ion by p l a n t roots and ac t iva t e s cy tochrome oxidase. HONDA -
GREGORY (1958) n o t e d tha t CI a c t i v a t e s the oxidat ion of cytochrome C. 
Generally, t h e results ob ta ined are in good a g r e e m e n t with those ob ta ined by HAYWARD — 
LONG (1943) a n d GAUCH WADLEIGH (1944), who f o u n d t h a t the g rowth a n d dry m a t t e r con-
t e n t of tomato a n d bean plants decreased with increasing sodium salt concentra t ion in the root 
med ium. BERNSTEIN—PEARSON (1956) reported t h a t h igh sodium concent ra t ions in the root 
med ium increase i t s accumulat ion in t he root tissues, wh ich negatively a f fec t s plant growth due 
to the decrease in t he absorption a n d translocation of wa t e r in these p l an t s . 
On the o t h e r hand , the d a t a show tha t the d ry m a t t e r ° 0 of the w h e a t seedlings increased 
w i t h increasing NaCl concentrat ion. Th i s may be due to the fact t ha t m e r i s t e m and young cells 
are capable of s to r ing relatively large quanti t ies of minera ls through accumula t ion , and t h a t 
accumulat ion increases relatively w i t h increasing sa l t concentrat ion in the root m e d i u m . 
Regarding t h e interaction of t h e two factorial e f fec ts , it is obvious t h a t the results show 
substant ia l d i f fe rences between the varieties tes ted. 
Mineral composition. The mine ra l composition of wheat seedlings grown at d i f f e ren t 
levels of NaCl is given in Table 3. The results o b t a i n e d reveal t h a t sod ium chloride t e n d s to 
decrease the K , Ca and Mg levels in wheat seedlings t h r o u g h antagonis t ic phenomena, as re-
p o r t e d b y L A R S O N — P I E R R E ( 1 9 5 3 ) . 
It is w o r t h mentioning t h a t t he highest Ca concen t ra t ion was recorded in the 10 me/1 
NaCl t rea tment . Th i s is due to t he inbalance caused th rough the add i t ion of 20 me/1 CaCL. 
N o CaCl2 was a d d e d to the control , so the highest p ropor t i on of Ca to Na was found in t he 10 
me/1 NaCl t r e a t m e n t . 
The N a n d P content of w h e a t seedlings decreased significantly wi th increasing NaCl 
concentrat ion. O n t he other hand , t h e Na and CI c o n t e n t of wheat seedlings increased signifi-
can t ly with increas ing NaCl concen t ra t ion . However , the increase in CI content was m u c h 
higher than the increase in Na c o n t e n t . This may be due to the ease of movement and t r a n s -
l o c a t i o n of Cl ( W O O L L E Y et al. 1 9 5 8 , M E N G E L 1 9 6 0 a n d S C H M A L L F U S S — R E I N I C K E 1 9 6 0 ) , w h i l e 
t he translocation of Na from the roo t to the shoot is ve ry slow (WYBENGA 1957). 
However, i t seems from the resu l t s obtained t h a t the variat ion in salt tolerance b e t w e e n 
t he wheat var ie t ies tes ted , specially t h e imported Mexican varieties, m a y be helpful in secur ing 
the i r high p r o d u c t i v i t y in Egyp t . 
* 
Prepared a t t he Depa r tmen t of Agronomy, F a c u l t y of Agricul ture , El-Minia Un ive r s i ty , 
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C O R R E L A T I O N S T U D I E S A N D T H E A P P L I C A T I O N O F D I S C R I M I N A N T F U N C T I O N 
S E L E C T I O N I N I N D I A N M U S T A R D 
A k n o w l e d g e of the cor re la t ion be tween yie ld a n d i ts c o m p o n e n t s is of g rea t va lue in 
p lann ing a n d e v a l u a t i n g b r e e d i n g p rocedures f o r t h e i m p r o v e m e n t of y ie ld . I n f o r m a t i o n o n 
p a t h coef f ic ien t ana lys i s is i m p o r t a n t , as i t p r o v i d e s a m e a n s of u n t a n g l i n g t he di rect a n d ind i -
rect c o n t r i b u t i o n of var ious f a c t o r s in bu i ld ing u p a c o m p l e x corre la t ion . T h e use of a d i sc r imi -
n a n t f u n c t i o n in p l a n t s has been p rov ided b y SMITH (1936), us ing d a t a on w h e a t fo r the selec-
t ion of a c h a r a c t e r or cha r ac t e r s which would give m a x i m u m gene t ic a d v a n c e t h r o u g h se lec t ion . 
This p a p e r r e p o r t s oil the i nves t i ga t i on of p h e n o t y p i c , geno typ i c a n d e n v i r o n m e n t a l co r re la t ion 
in p a r e n t s a n d FjS, the di rect a n d indi rec t e f f ec t s of t h e c o m p o n e n t cha r ac t e r s on t he y i e ld , 
and the c o n s t r u c t i o n of a su i t ab le selection i n d e x in I n d i a n m u s t a r d (Brassica juncea L 
Czern a n d Coss). 
The m a t e r i a l for t he inves t iga t ion cons is ted of six p a r e n t a l l ines of B. juncea L Czern 
a n d Coss, n a m e l y , V a r u n a K B 2, L a h a 101, R a i 5, R a i 7 a n d Rai Monipur i a n d all t he i r pos-
sible F , h y b r i d s w i t h o u t rec iprocals . E a c h p o p u l a t i o n was grown in a single r o w plot a c c o r d i n g 
to a r a n d o m i z e d comple te b lock design wi th t h r e e rep l ica t ions . T e n r a n d o m l y selected p l a n t s 
f r o m each row of a repl ica t ion were used to record d a t a on t he fol lowing c h a r a c t e r s : (1) d a y s t o 
head ing , (2) p l a n t he igh t a t h e a d i n g (cm), (3) h a r v e s t i n g d a t e , (4) p l a n t he igh t a t h a r v e s t (c in) , 
(5) siliqua l e n g t h , (6) siliqua n u m b e r / p l a n t , (7) seed n u m b e r / s i l i q u a , (8) p r i m a r y b r a n c h n u m b e r , 
(9) s econda ry b r a n c h n u m b e r , (10) t h o u s a n d seed we igh t , (g) and (11) seed y i e ld /p l an t ( g ) . 
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P h e n o t y p i c and g e n o t y p i c correla t ion coe f f i c i en t s were ca lcu la ted f r o m v a r i a n c e a n d 
covar iance a n a l y s i s (MILLER et al. 1958). The p a t h - c o e f f i c i e n t s were ana lysed us ing WRIGHT'S 
(1921) p a t h - coeff ic ients , as i l l u s t r a t e d by DEWEY—Lu (1959), a t t h e p h e n o t y p i c and g e n o t y p i c 
levels for t h e p a r e n t a l and F 4 gene ra t ions , s e p a r a t e l y . Us ing d i f f e r en t cha rac t e r c o m b i n a t i o n s , 
d i sc r iminan t f u n c t i o n s were c o n s t r u c t e d acco rd ing to t he p rocedure given by SMITH (1936). 
T h e p h e n o t y p i c , g e n o t y p i c a n d e n v i r o n m e n t a l cor re la t ion coef f ic ien ts be tween t he cha r -
acters s t u d i e d in the p a r e n t a l a n d F , gene ra t ions s e p a r a t e l y are given in Tab les 1 a n d 2. T h e 
p h e n o t y p i c a n d genotyp ic co r re l a t ions be tween seed y i e ld /p l an t a n d p r i m a r y b r a n c h n u m b e r 
were h igh ly s ign i f i can t in b o t h genera t ions . T h e co r re l a t ions of s i l iqua n u m b e r a n d s e c o n d a r y 
b ranch n u m b e r wi th seed y i e l d / p l a n t were pos i t ive a n d s ign i f ican t only in t he F , . Seed y ie ld / 
/p lan t showed a non-s ign i f i can t corre la t ion w i t h s i l iqua l eng th a n d t h o u s a n d seed weigh t . P l a n t 
height a t h a r v e s t and d a y s t o head ing showed s ign i f i can t nega t ive associa t ions w i t h seed 
y ie ld /p lan t . T h e associat ion b e t w e e n seed n u m b e r / s i l i q u a a n d seed y ie ld /p lan t was non-s igni f i -
can t . P l a n t h e i g h t a t h e a d i n g showed a n o n - s i g n i f i c a n t associa t ion w i th seed y i e ld /p l an t . P r i -
m a r y b r a n c h n u m b e r had a h i g h l y posit ive cor re la t ion w i th s econda ry b r a n c h n u m b e r a t t h e 
Table 1 
Phenotypic (Гр), genotypic ( r f ) and environmental (re) correlation coefficients between yield, 
and yield components of parents (upper diagonal) and (lower diagonal) 
Siliqua 
length 
Siliqua 
number /p lan t 
Pr imary 
branch 
number 
Secondary 
branch 
number 
Thousand 
seed 
weight 
Seed 
yie ld/plant 
Siliqua l e n g t h TP — 0.43 — 0.60 — 0.86* — 0.04 0.36 
Tg — 0.45 — 0.62 0.88 0.30 0.37 
re - 0 . 0 2 0.03 — 0.44 — 0.47 0.03 
Siliqua n u m b e r / p l a n t r
P 
— 0.31 0.80 0.71 0.10 0.70 
r g — 0.31 0.80 0.71 0.66 0.69 
re — 0.33 0.14 0.51 — 0.42 0.40 
P r imary b r a n c h number TP — 0.65** 0.39 0.88* — 0.20 0.89* 
Tg — 0.72 0.41 0.89 0.91 0.90 
re 0.12 0.37 - 0 . 2 0 0.14 — 0.34 
Secondary b r a n c h number rp — 0.57* 0.26 0.68** — 0 . 1 1 0.72 
Tg — 0.63 0.28 0.70 - 0 . 3 0 0.74 
Te 0.06 — 0.14 0.15 0.34 0.51 
Thousand seed weight TP — 0.16 0.16 0.23 0.48 0.46 
rg - 0 . 1 7 0.17 0.24 0.49 0.47 
Te - 0 . 0 4 — 0.18 — 0.12 0.13 — 0.68 
Seed y i e ld /p l an t TP 0.30 0.73** 0.74** 0.63* 0.35 
Tg 0.33 0.71 0.75 0.63 0.40 
re 0.08 — 0 . 0 1 — 0.02 — 0.46 — 0.20 
*, ** Signi f icant a t 5 % a n d 1 % level r e spec t ive ly in all t ab l e s 
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Table 2 
Phenotypic (rp), genotypic (r,,J and environmental (re) correlation coefficnets between yield 
and non-yield components of parents (upper diagonal) and l'\ (lower diagonal) 
Days to 
heading 
P lan t 
height a t 
heading 
Plant 
height a t 
harvest 
Harves t ing 
da te 
Seed n u m -
ber/siliqua 
Seed 
yield/plant 
Days to h e a d i n g 
Г
Р 
0.91* 0.70 0.48 — 0.51 — 0.58 
rg 0.92 0.71 0.50 - 0 . 5 4 — 0.62 
r e 0.45 0.20 0.13 0.57 0.29 
P l an t he igh t a t heading 
Г
Р 
0.82** 0.89* 0.47 - 0 . 3 6 — 0.75 
Te 
0.84 0.90 0.48 - 0 . 3 7 — 0.78 
Te 0.10 0.60 0.15 0.50 0.14 
P l an t he igh t a t ha rves t TP 0.66** 0 .77** 0.66 — 0.45 — 0.84* 
r g 0.67 0.78 0.70 — 0.45 — 0.86 
Te — 0.03 0.13 — 0.03 0.1 L 0.27 
H a r v e s t i n g d a t e TP 0.42 0.34 0.49 — 0.88* 0.60 
ra 0.43 0 .35 0.50 - 0 . 9 2 — 0.66 
Te 0.10 0.03 0.37 0.36 0.78 
Seed number / s i l i qua 
Г
Р 
0.21 — 0.25 0.03 — 0.50 0.33 
r g — 0.21 - 0 . 2 5 0.03 — 0.53 0.34 
Te — 0.14 - 0 . 3 0 — 0.11 0.09 0.08 
Seed y ie ld /p lan t 
Г
Р 
- 0 . 5 2 * - 0 . 4 9 — 0.63* — 0.23 0.14 
r g - 0.54 — 0.50 — 0.64 — 0.25 0.14 
re 0.22 0 .03 — 0.02 0.19 0.23 
p h e n o t y p i c a n d geno typ ic levels . Si l iqua l eng th s h o w e d a s ign i f i can t negat ive a s soc ia t ion wi th 
secondary b r a n c h n u m b e r , a n d in the F, w i t h p r i m a r y b r a n c h n u m b e r only. The g e n o t y p i c 
and p h e n o t y p i c corre la t ion coef f ic ien t s of d a y s t o h e a d i n g wi th p l a n t height a t h e a d i n g were 
posit ive a n d s ign i f i can t , b u t w i t h height at h a r v e s t , i t was s ign i f ican t in t he F , only. P l a n t he igh t 
a t head ing showed a s ign i f ican t corre la t ion w i t h p l a n t height a t h a r v e s t bo th at the p h e n o t y p i c 
and geno typ i c levels. 
A p a t h coeff ic ient ana ly s i s , which m e a s u r e s t h e direct as well as the ind i rec t e f f e c t s of 
one va r i ab le t h r o u g h a n o t h e r on t he e n d - p r o d u c t s , was worked o u t in the p a r e n t a l a n d F , 
genera t ions a t t h e p h e n o t y p i c a n d genotypic leve ls . The direct a n d ind i r ec t effects of t h e com-
ponen t c h a r a c t e r s s tud ied on seed y ie ld /p lant a r e p re sen t ed in T a b l e s 3 and 4. 
T h e p a r t i t i o n i n g of t h e cor re la t ion b e t w e e n s i l iqua l eng th a n d seed y ie ld /p lant i n d i c a t e d 
t h a t the d i r e c t e f fec t of s i l iqua l eng th was pos i t i ve b u t low. T h e pos i t ive corre la t ion w a s the 
resul t of t he pos i t ive ind i rec t e f f ec t s of p r i m a r y b r a n c h n u m b e r in b o t h genera t ions a n d the 
siliqua n u m b e r / p l a n t in t he p a r e n t . 
T h e pos i t ive cor re la t ion be tween sil iqua n u m b e r / p l a n t and t h e seed yield was t h e resul t 
of the pos i t ive d i rec t e f fec t of t h i s charac te r . S e c o n d a r y b ranch n u m b e r showed a h i g h ind i rec t 
ef fect in t h e p a r e n t s b u t s i l iqua l eng th and t h e p r i m a r y b r a n c h n u m b e r showed n e g a t i v e indi-
rect e f fec ts . 
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Table 3 
Path coefficient analysis of seed yield vs. some components of yield 
Pathways of association 
Pa ren t F 
Phenotypic Genotypic Pheno typ ic Genotypic 
Yield vs. siliqua length 
Direc t effect 0.124 0.136 0.091 0.047 
I n d i r e c t effect v i a : 
Sil iqua n u m b e r / p l a n t 0.515 0.540 — 0.176 — 0.182 
P r i m a r y b r a n c h n u m b e r 1.121 1.121 0 .383 0.467 
Seconda ry b r a n c h n u m b e r — 0.938 — 0.937 0 .001 - 0 . 0 1 2 
T h o u s a n d seed w e i g h t — 0.464 — 0.484 0.008 0.009 
Yield vs. siliqua number/plant 
Direc t effect 1.191 1.191 1.574 1.589 
I n d i r e c t effect v i a : 
Sil iqua length — 0.300 — 0.394 — 0.428 - 0 . 5 1 4 
P r i m a r y b r a n c h n u m b e r — 0.883 - 0 . 7 9 7 — 0.236 — 0.260 
Seconda ry b r a n c h n u m b e r 0.777 0.778 0.006 0.005 
T h o u s a n d seed w e i g h t 0.010 0.010 — 0.188 — 0.108 
Yield vs. primary branch number 
Direc t effect 1.869 1.869 0 .893 0.652 
Ind i r ec t effect v i a : 
Siliqua length — 0.416 — 0.545 — 0.059 - 0 . 4 3 3 
Sil iqua n u m b e r / p l a n t — 0.945 — 0.945 — 0.318 0.014 
Secondary b r a n c h n u m b e r 0.970 0.973 0 .229 0.736 
T h o u s a n d seed w e i g h t — 0.582 — 0.455 — 0.012 - 0.223 
Yield vs. secondary branch number 
Direc t effect 1.097 1.097 0.752 0.980 
Ind i r ec t effect v i a : 
Sil iqua length — 0.594 - 0.767 0.052 
— 0.029 
Siliqua n u m b e r / p l a n t 0.844 0.876 0.365 0.163 
P r i m a r y b r a n c h n u m b e r - 0.620 — 0.452 — 0.404 — 0.457 
Thousand seed we igh t — 0.011 - 0 . 0 1 1 — 0.025 — 0.028 
Yield vs. thousand seed weight 
Direc t effect 0.109 0.109 — 0.053 — 0.057 
Ind i rec t effect v i a : 
Siliqua length - 0 . 0 3 0 
— 0.030 — 0.014 — 0.008 
Sil iqua n u m b e r / p l a n t 0.116 0.116 0.558 0.563 
P r i m a r y b r a n c h n u m b e r 0.383 0.383 — 0.135 - 0 . 1 5 6 
Secondary b r a n c h n u m b e r — 0.118 — 0.110 — 0.001 0.049 
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Table 4 
Path coefficient analysis of seed yield vs. non-yield components 
P a t h w a y s of association 
Paren t F , 
Phenotypic Genotypic Pheno typ ic Genotypic 
Yield vs. days to heading 
Direct e f f ec t 0.217 1.916 — 0.526 — 0.659 
Indi rec t e f fec t v ia : 
P l a n t he igh t a t head ing — 0.659 — 5.906 0.673 0.896 
P lan t he igh t a t h a r v e s t — 0.029 4.315 — 0.796 — 0.948 
H a r v e s t i n g da t e — 0.406 — 3.370 0.242 0.313 
Seed number / s i l iqua 0.297 2.424 0.115 — 0.143 
Yield vs. plant height at heading 
Direct e f f ec t 0.726 0.387 0.819 1.071 
Indi rec t e f fec t v ia : 
D a y s t o head ing 0.197 1.772 — 0.432 — 0.551 
P l a n t he igh t a t h a r v e s t — 0.517 — 0.423 — 0.934 - 1 . 1 0 2 
H a r v e s t i n g da t e — 1.397 — 3.251 0.196 0.254 
Seed number / s i l iqua 0.211 0.666 - 0 . 1 4 0 - 0 .173 
Yield vs. plant height at harvest 
Direct e f f ec t — 0.042 — 1.053 — 1.212 — H412 
Indi rec t e f fec t v ia : 
D a y s to head ing 0.151 2.366 — 0.345 — 0.442 
P l a n t he igh t a t head ing — 0.648 — 0.722 0.631 0.836 
H a r v e s t i n g da t e — 0.559 — 4.598 0.283 0.359 
Seed number / s i l iqua 0.263 2.041 0.011 0.016 
Yield vs. harvesting date 
Direct e f fec t — 0.851 — 0.790 0.582 0.725 
Ind i rec t e f fec t v ia : 
D a y s to head ing 0.104 0.951 — 0.219 — 0.284 
P l a n t he igh t a t head ing — 0.339 — 3.058 0.275 0.375 
P l a n t he igh t a t h a r v e s t — 0.027 0.099 — 0.589 — 0.699 
Seed number / s i l iqua 0.516 2.133 — 0.282 — 0.366 
Yield vs. seed number/siliqua 
Direct e f f ec t 0.587 0.492 0.559 0.690 
Ind i rec t e f fec t v ia : 
Days to head ing — 0.110 — 2.734 0.108 0.137 
P l a n t he ight a t head ing — 1.061 — 2.369 — 0.206 — 0.268 
P l a n t he igh t a t h a r v e s t 0.018 2.750 — 0.025 — 0.033 
H a r v e s t i n g da t e 0.748 2.246 — 0.293 — 0.385 
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A high posi t ive direct effect of p r imary b ranch number and secondary branch number on 
seed yield/plant were noticed in b o t h generations. A m o n g the component characters , for p r imary 
b ranch number , t he secondary b r a n c h number showed a high positive indirect effect , whereas 
for secondary b r a n c h number an indi rec t positive cont r ibut ion was f o u n d via siliqua number / 
/p lan t . The indi rec t effects of o the r characters were negat ive. 
The direct e f fec t of t housand seed weight was posit ive in the p a r e n t and negative in the 
F , . Among the component cha rac t e r s siliqua n u m b e r / p l a n t showed a high positive indirect 
effect in both genera t ions and p r i m a r y branch n u m b e r in the pa ren ta l generat ion only. This 
indicated tha t t he positive associat ion between t h o u s a n d seed weight a n d the seed yield/plant 
was due to high posi t ive indirect e f fec t of pr imary b r a n c h number in the F , and both p r imary 
branch number a n d the siliqua n u m b e r / p l a n t in the pa ren t . 
The direct effect of seed number /s i l iqua was positive. The indi rec t effects via days to 
heading, plant he igh t a t harvest a n d harvest ing d a t e were inconsistent over two generat ions. 
Selection indices for seed y ie ld /p lan t and the yield components of each generat ion were 
constructed to i den t i fy the charac te r or characters which may be usefu l dur ing selection breed-
ing for higher yield . The various selection indices and expected gain as a percentage over s t ra ight 
selection for seed yield are presented in Table 5. In mos t of the cases, t he values were consistent 
over generations. Individual ly , seed yield/plant showed the highest expected gain of 25.04 
a n d 34.11% for t he parental and F , generations, respectively. Among the component charac-
ters , siliqua number /p l an t and p r i m a r y branch n u m b e r indicated high positive gains. When a 
combinat ion of t w o or more cha rac t e r s with seed y ie ld /p lant as an independen t charac ter was 
s tudied in an i ndex , the expected gains were high. The m a x i m u m gains of 46.19 and 49.36% 
for the parenta l a n d F t generat ions, respectively, were obtained when all six characters were 
included in the selection index. A m o n g the componen t s , siliqua n u m b e r / p l a n t and seed yield, 
p r imary branch n u m b e r and seed yield and siliqua number /p l an t , p r i m a r y branch n u m b e r and 
seed yield gave good expected gains . 
In fo rmat ion on the in ter re la t ionship be tween the yield and its components and also 
between these components themse lves is i m p o r t a n t for the effect ive selection breeding of 
evolving high yie ld ing lines. In t h e present invest igat ion, the componen t characters which 
showed a s igni f icant association w i t h seed yield were siliqua n u m b e r / p l a n t and p r imary and 
secondary b r anch number , bo th a t the phenotypic and genotypic levels. This indicated t h a t 
these three c o m p o n e n t s were genet ical ly related w i t h seed yie ld/plant more t han the o ther 
yield components . Moreover, these th ree characters showed highly posi t ive direct effects on 
the seed yield, ind ica t ing tha t the charac te rs themselves were responsible for a high correlat ion 
wi th seed yield. T h u s , selection on the basis of a n y of these charac te rs is expected to give a 
desired correlated response. PAUL et al. (1976) also repor ted a high correlation between sili-
qua number /p lan t a n d seed yield in the same crop. 
In selection breeding expe r imen t s , a breeder generally faces t he problem of selecting a 
component cha rac t e r or a number of components which will give m a x i m u m genetic advance 
th rough selection. I n this respect , a number of workers have applied the method of discrimi-
n a n t functions. In the present inves t iga t ion , a m a x i m u m gain of 46.19 and 49.36%, respectively 
for the parenta l a n d F, generat ions, could be expected when seed yield and all other characters 
s tudied were included in the func t ion . Moreover, wi th the inclusion of seed yield in the func t ion , 
the expected gain became m a x i m u m in all the combina t ions . Thus, it m a y be concluded tha t the 
application of t he discr iminant f u n c t i o n can lead to an advancement over s t ra ight selection in 
mus ta rd and t h a t t he discr iminant func t ion me thod is superior to s t r a igh t selection. Similar 
information was repor ted by PAUL et al. (1976) in В. juncea. However , for practical 
purposes, it is no t possible to use all six charac ters a t one t ime for t he selection p rogramme. 
Therefore, it is a lways preferable t o employ a d iscr iminant func t ion , which would lead to a 
m a x i m u m possible genetic advance b y using a m i n i m u m number of charac te rs . Expec ted gains 
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Expected gain in % in seed yield over straight selection from the use of various selection indices 
Selection 
Expected gain in % 
Selection index 
Expected gain in % 
Selection index 
Expected gain in % 
index Parent F. Parent F, Parent F, 
I — 2 .62 3 .29 1 + 2 + 3 25 .67 18 .74 1 + 2 + 3 + 5 — 18 .06 6 . 9 2 
2 12 .63 15 .59 1 + 2 + 4 1 1 . 3 3 3 1 . 3 3 1 + 2 + 3 + 6 3 8 . 7 2 3 4 . 6 9 
3 11 .11 14 .67 1 + 2 + 5 - 1 9 . 3 2 — 9 . 4 1 1 + 2 + 4 + 5 - 2 6 . 0 0 2 1 . 9 2 
4 - 3 . 3 0 — 7 .71 1 + 2 + 6 2 8 . 9 4 3 1 . 3 3 1 + 2 + 4 + 6 - 1 6 . 9 2 13 .67 
5 - 0 .67 — 9 . 2 2 1 + 3 + 4 11 .62 2 . 4 4 1 + 2 + 5 + 6 8 . 6 3 30 .67 
6 2 5 . 0 4 3 4 . 1 1 1 + 3 + 5 10 .15 — 16 .31 1 + 3 + 4 + 5 1 .09 19 .68 
1 + 2 4 . 1 1 8 .42 1 + 3 + 6 3 1 . 4 4 3 8 . 3 6 1 + 3 + 4 + 6 14.67 2 9 . 1 4 
1 + 3 1.32 3 .37 1 + 4 + 5 0 .32 4 .30 1 + 3 + 5 + 6 11.91 - 2 4 . 6 3 
1 + 4 0 . 6 2 3 .97 1 + 4 + 6 10 .32 1 1 . 1 9 1 + 4 + 5 + 6 - 7 .72 — 1 1 . 9 4 
1 + 5 - 2 . 4 4 — 11 .42 1 + 5 + 6 — 1.30 - 17 .60 2 + 3 + 4 + 5 - 2 2 . 6 7 21 .67 
1 + 6 19 .44 17 .63 2 + 3 + 4 31 .00 3 8 . 6 2 2 + 3 + 4 + 6 12 .67 17 .29 
2 + 3 29 .11 3 2 . 1 9 2 + 3 + 5 — 17 .60 1.02 2 + 3 + 5 + 6 2 9 . 9 0 3 5 . 3 9 
2 + 4 - 1 3 . 3 3 — 19 .00 2 + 3 + 6 4 3 . 0 6 4 8 . 9 4 2 + 4 + 5 + 6 - 1 3 . 3 3 0 . 6 8 
2 + 5 6 .11 - 1 3 . 7 7 2 + 4 + 5 - 2 5 . 1 1 - 3 1 . 7 6 3 + 4 + 5 + 6 - 1 7 . 8 5 14 .61 
2 + 6 4 0 . 6 0 4 1 . 6 7 2 + 4 + 6 — 10 .51 3 1 . 9 4 1 + 2 + 3 + 4 + 5 31 .67 3 4 . 4 5 
3 + 4 10 .27 17 .62 2 + 5 + 6 — 14 .07 2 6 . 0 1 1 + 2 + 3 + 4 + 6 2 9 . 1 1 29 .67 
3 + 5 — 1.09 — 10 .40 3 + 4 + 5 — 2 1 . 9 4 - 1 3 . 7 6 1 + 2 + 3 + 5 + 6 3 3 . 6 1 4 0 . 3 1 
3 + 6 3 7 . 1 9 3 8 . 9 9 3 + 4 + 6 — 10 .00 — 17 .21 1 + 3 + 4 + 5 + 6 27 .65 3 6 . 3 2 
4 + 5 — 18 .67 - 10 .49 3 + 5 + 6 1 9 . 6 4 27 .67 2 + 3 + 4 + 5 + 6 3 0 . 4 2 3 4 . 1 9 
4 + 6 2 0 . 1 6 2 3 . 7 9 4 + 5 + 6 - 2 9 . 3 9 - 1 8 . 8 1 1 + 2 + 3 + 4 + 5 + 6 4 6 . 1 9 4 9 . 3 6 
5 + 6 19 .99 3 1 . 3 0 1 + 2 + 3 + 4 30 .67 32 .67 
1 = S i l i q u a l e n g t h 2 = S i l i q u a n u m b e r / p l a n t 
3 = P r i m a r y b r a n c h n u m b e r 4 = S e c o n d a r y b r a n c h n u m b e r 
5 = T h o u s a n d s e e d w e i g h t 6 = Y i e l d / p l a n t 
4 2 8 VARIA 
of 43.06 to 4 8 . 9 4 % can be ob t a ined b y u s ing si l iqua n u m b e r / p l a n t , p r i m a r y b r a n c h n u m b e r 
a n d seed yield in t h e f u n c t i o n . T h u s , se lect ion on the basis of seed y ie ld /p lan t , s i l iqua n u m b e r / 
/ p l a n t a n d p r i m a r y b r a n c h n u m b e r wou ld a p p e a r to be t he m o s t effect ive m e a n s of improv ing 
seed yield in p rac t i ca l Brassica juncea L Czern and Coss b r e e d i n g . 
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D E N D R O L O G I C A L N O V E L T I E S I N C U B A 
The p resen t s t u d y con ta ins the desc r ip t i ons of 17 t r ees n e w to science, s o m e of t h e m of 
p o t e n t i a l economic ( i n d u s t r i a l or o r n a m e n t a l ) i m p o r t a n c e . T h e s e new t a x a a r e as follows: 
Lauraceae : Ocotea baracoënsis sp. п., Persea acunae sp. п.; Caesalpiniaceae: Cynometra cubensis 
ssp. ophiticola ssp. п . ; Fabaceae: Behaimia roigii sp. п., Erythrina acunae sp. п. , Pictetia arbores-
cens sp . п . ; Bulaceae: Amyris maëstrensis sp. п. , Amyris verrucosa sp. п.; Euphorbiaceae: Ditta 
maëstrensis sp. п . ; Celastraceae: Torralbasia cuneifolia ssp. verrucosa ssp. n. and v a r . rotundata 
v a r . п . ; Bhamnaceae : Auerodendron acunae sp . п . ; Theaceae : Laplacea cristalensis sp . п . , Tern-
stroemia moaensis sp . п . ; Combretaceae : Terminalia canescens sp . п . ; Myrsinaceae : Myrsine 
cristalensis sp. п . ; Arccaceae : Coccothrinux borhidiana sp. n . T a x o n o m i c rev is ions a n d anal-
y t i ca l keys are c o n t r i b u t e d for t he C u b a n species of t he g e n e r a Pictetia, Ditta, Torralbasia 
a n d Myrsine and for t h e species g roup of Amyris lineata W r . ex Griseb. s. 1. T w o n e w com-
b i n a t i o n s are also p u b l i s h e d : Annona cristalensis a n d Belairia angustifolia. 
F a m . : Annonaceae 
Annona cristalensis (Ala in) Borh id i e t M o n c a d a comb. n. 
( B a s i o n y m o n : Xylopia cristalensis Ala in in Candollea 17. 1960. p. 108.) Adde ad de-
scriptionem : Arbor mediocris usque ad 15 m. alta ; folia supra lucida, subtus nitida ; flores axillares 
snlitarii, usque ad 3 cm longe pedunculati ; petala 3, crasse carnosa, usque ad 1 —1.5 cm. longa, 
extus ferrugineo-pilosa ; carpella numerosa. Grana pollinica 3-colpata, Ulis A. cascarilloidis Wr. 
simillima, non charactere Xylopiarum. 
Specimina examinata : Cuba; Prov. Oriente; Sierra del Cristal, in pluviisilvis serpentinosis 
montanis ad Cayo Verde, Corea, Mayari Arriba in alt. 650 m.s.m. Leg.: A. Borhidi, M. Vales et 
Ramona Oviedo 9. apr. 1976. — C.harrascal de Saca Lengua, Sierra del Cristal, 2—7. apr. 1956. 
Leg.: Alain, Acuna et M. Lopez Figueiras 5435 ( Holotypus ! isotypus ! ) — Ekman 1559; 14. dec. 
1922. 
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Fani.: Lauraceae 
Ocotea baracoënsis Borhidi et Imchani tskaya sp. n. 
Arbor parva, 5—8. m. alta, cacumen conicum. Folia alterna, obovata vel oblongo-elliptica, 
apice rotundata vel obtusa, basi angustata, 3—6 cm. longa et 1.5—3 cm. lata, coriacea; supra 
opaca vel parce nitidula, subtus pallida, cinereo-pruinosa et sparse flavo-sericea, margine tenuiter 
recurva. Nervi laterales + rectangulariter abeuntes supra prominuli, subtus prominentes et dense 
reticulato-venosi. Inflorescentiae (fructiferae tantum visae) axillares 5—7-florae 5—8 cm. longae. 
Pedunculus 2.5- 3.5 cm. longus, glaber, flores subsessiles. Cupula 5—8 mm. longa, semiorbicularis, 
glabra, margine crenulata vel truncata. Fructus in sicco olivaceo-viridis, oblongo-ellipticus, 12—15 
mm. longus; semina ovata apice compressa, 10 mm. longa et 6—7 mm. lata, nigra, papilloso-muri-
cata. 
Holotypus: Cuba; Prov. Oriente; Yamanigüey, Baracoa. Leg.: Grupo Samek (27065 
SV!); isotypus: 27141 SV! 
Obs.: 0. moaënsi Bisse affinis, quae a planta nostra foliis supra nitidis, subtus glabris et 
non cinereo-pruinosis, inflorescentiis 8—12 mm. longe pedunculatis, 3-floris differt. 
The wood can be used for fu rn i tu re and f ine constructions. 
Persea acunae Borhidi et Imchani t skaya sp. n. 
Arbor parva; rami hornotini rubelli, brevissime parceque' pilo si. Folia alterna 2—10 mm. 
longe petiolala, peliolis sparse puberulis suffulta, oblongo-obovata vel oblongo-elliptica, antice bre-
viter acuminata, apice ipso plerumque obtusa, rariter acuta, basi longe cuneata, 4.5—10 cm. longa 
et 2—3.5 cm. lata, nervo medio supra prominulo, apicem versus appianato, subtus prominenti, 
lateralibus sub angulo 60—70° abeuntibus, arcuatis, ante marginem conjunctis, utrinque dense 
reticulatis et prominulis, lamina supra nitidula et glabra, subtus pallida et opaca, brevissime et 
sparse pilosula vel glabrescens, margine plana, irregulariter et levissime glanduloso-crenulata, 
coriacea. Inflorescentiae terminales, cymoso-racemosae, usque ad 4—5 cm. longae, foliis breviores; 
pedunculi 1.5—3 cm. longi, puberuli, pedicelli 2—5 mm. longi, sericeo-hirsuti, rami laterales 
racemi 3-f lori. Sepala exteriora 3, late ovata vel cordata, apice acuta, 1.2—1.5 mm. longa, extus 
sericeo-puberula, intus glabra. Sepala interiora 3, elliptica vel oblongo-ovata, apice obtusa, 2—2.5 
mm. longa, utrinque sericeo-hirsuta. Stamina 9, interiora 3, basi biglandulosa, omnia sericeo-tomen-
tosa. Staminodia 3, 0.5—0.7 mm. longa, apice triangulari-cordata cum filamentis villosis. Ovarium 
glabrum, oblongo-ovatum, stylus ovario duplo longior, stigma late capitatum. 
Holotypus : Cuba; Prov. Pinar del Rio; in pulviisilvis montants montis Pan de Guajaibón 
supra pag. La Mutata, in alt. approx. 5—600 m.s.m. Leg.: Acuna et Alain (18588 SV!), 16. 
mai. 1953. 
Obs. : P. hypoleucae Mez affinis, quae a specie nostra praeter alias notas sepalis exterioribus 
ellipticis et minoribus, staminibus exterioribus glabris et appendicibus staminodiorum glabris 
differì. 
The wood is used for rural carpentry . 
Fa in . : Caesalpiniaceae 
Cynometra cubensis A. Rich. ssp. ophiticola Borhidi ssp. n. 
A typo differt: habitu fruticoso, foliolis 0.6—1.5 cm. longis et 0.4—1 cm. talis, laminis 
utrinque opacis, subtus tenuiter pulverulentis, nervis lateralibus utrinque obsolete impressis vel 
nullis, legumine subgloboso, 1.5—2 cm. longo. 
Holotypus: Cuba; Prov. Pinar del Rio; In lateritis serpentinosis montis La Cajalbana, 
supra pag. La Mulata. Leg.: Acuna, Roig et Correi (18476 SV!), isotypus: Bp. 
The wood is appreciated for f ine carpentry. 
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Fani.: Fabaceae 
Behaimia roigii Borhidi sp. n. 
Arbor parva cortice cinereo; rami hornotini striati et ferrugineo-hirsuti. Folia 7—9-juga, 
rhachide ferrugineo-lomentosa. Foliota oblongo-ovata vel lineari-ovata, 0.6—2 cm. longa et 0.4 — 0.7 
cm. lata, basi obtusa. apice obtusa et profunde excisa, lamina supra nitidula, subtus opaca, margine 
revoluta, coriacea. Inflorescentiae axillares, verisimiliter pauciflorae, foliis 2—3-plo breviores, 
pedunculo fructifère 1 —1.5 cm. longo, pedicellis 0.5—0.7 cm. longis. Legumen 2—2.5 cm. longum, 
0.8 1.2 cm. latum, utrinque acutum, ferrugineo-puberulum. 
Holotypus : Cuba; Prov. Matanzas ; Caleta El Rosario; Hacienda El Jiqui, Aguada de 
Pasajeros. Leg.: Roig et Cremata Nr. 7482 SV! 3. aug. 1920. Isotypus: SV! 
Obs.: B. cubensi Griseb. affinis, quae a specie nostra foliis 3—6-jugis, foliolis ovatis vel 
oblongo ovatis, 2 — 5 cm. longis et 1 —1.5 cm. latis, inflorescentiis folio + aequilongis statini 
discernenda est. 
The wood can be used for s t ruc tu ra l timbers, cross-ties and posts . 
Arbor parva ; rami fistulosi, spinis 4 — 7 mm. longis, lateraliter parce compressis dense 
aculeati. Peliolus 3 — 8 cm. longus, 1 —1.5 mm. crassus, inermis, petiolulus centralis 1.5—2.5 cm. 
longus, laterales 3—4 mm. longi, puberuli, stipellae 2, glanduliformes, obovatae, 1 — 2 mm. longae. 
Foliota late ovata, basi breviter cordata vel truncata, apice rotundata vel obtusa, 2—5 cm. longa et 
2.2—5 cm. lata, basi 5-nervia, superne lateralibus utroque latere 2—4 sub angulo acuto abeuntibus 
utrinque prominenti-venosa, reticulo venarum supra densiore, subtus magis elevato, lamina utrinque 
opaca, subtus glaucescens, inermis, chartacea. Inflorescentia glabra, laxe 7—12-flora, rhachide 
8—14 cm. longa, pedunculo 2—4 cm. longo; pedicelli subnulli. Calyx bilobus, 8—10 mm. longus, 
sparse pilosus vel glabrescens, lobi suborbiculares, inferior longior, emarginatus. Vexillum oblongo-
ellipticum, rectum vel leviter arcuatimi, 3.5—4.2 cm. longum et 14—16 mm, latum. Carinae folia 
obovato-oblonga, 0.5 mm. longe stipitata, 10—11 mm. longa, superne 3 mm. lata. Alae ellipticae, 
basi et unilateraliter truncatae, 3 mm. longe stipitatae, apice rotundatae, 10—12 mm. longae et 5 
mm. latae. Stamina maxima 3 cm. longa, minima 2.5 cm. longa, antherae 3—4 mm. longae. Ova-
rium oblongum + rectum, 5 mm. longe stipitatum, 1 — 1.2 cm. longum, dense ferrugineo-hirsutum, 
cca. 6—8-ovulatum. Stylus glaber, attenuatus, 8—10 mm. longus. Fructus non visus. 
Holotypus : Cuba; Prov. Oriente; Sierra del Cristal; Residuo de la vegetación del Serrucho, 
Lorna Escalera, Nicaro, Mayari. Leg.: Acuita, Alain et Lopez Figueiras 5405! 2—7. apr. 1956. 
(fior.!) SVI; isotypus: SV! 
Specim. exam.: Ibidem. Acuna et Zayas 19668 SV! 27—28. mai. 1955 (ster.). 
Obs.: E. leptopodae Urb. et Ehm. (e Hispaniola) affinis, quae a specie nostra petiolis 
tenuibus, foliolis nervis lateralibus subhorizontalibus, inflorescentiis densis et multifloris, rhachide 
3 — 5 cm. longa, pedunculo subnullo, pedicellis 3 — 5 mm. longis, vexillo majore, alis carinisque 
minoribus, ovario 1.5 cm. longe stipitato clare differì. 
This species may be an a t t r a c t i v e ornamenta l tree. 
2 a Flowers sol i tary , pedicels 8—15 mm long, pod entire, or 1 — 2-segmented (Cuba: LV., 
Erythrina acunae Borhidi sp. n. 
2 
3 
Cam., Or. , endemic) I. P. marginata Sauv. 
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b Flowers in 2 - 4-flowered racemes; peduncle 15 20 mm long; pods always cont rac ted 
or segmented between the seeds (Southern Coast of Oriente, endemic)  
2. P. cubensis Bisse 
3 a Leaflets 1 — 3, pods ova te , 1.5—2.5 cm long, glabrous, not ar t iculate between the seeds 
(Nor thern Coast of Oriente, endemic) 3. P. arborescens Borhidi 
b Leaflets 3—7, pods 3—5 cm long, glandular-pubescent , 3—5-art iculated (Hispaniola, 
Cuba: LV., Or.;) 4. P. spinifolia (Desv.) Urb. 
Pictetia arborescens Borhidi sp. n. 
Arbor parva, usque ad 5—7 m. alta; rami longe adscendentes, striati, glabri. Spinae stipu-
lares 4—8 mm. longae, plerumque rectae. Folia subsessilia, 1 — 2 mm. longe petiolata, 1 — 3-folio-
lata, foliota oblanceolata vel lanceolata, basi longe angustata, apice integra, obtusiuscula et in 
mucronem spiniformem 1 2 mm. longum terminata, centralia majora, 2—4 cm. longa et 4—7 mm. 
lata, nervo medio supra prominulo et anguste sulcato, subtus crasse prominenti, laleralibus utrinque 
leviter prominulis, vel subtus obsoletis; lamina utrinque glabra, subtus minutissime punctulata, 
subchartacea. Flores in axillis foliorum solitarii, pedicellis 0.5—2.5 cm. longis, flexuosis, glabris. 
Bracteae 2 ad apicem pedicelli, oblongo-ellipticae, apice fimbriatae, 0.5—0.8 mm. longae. Calyx 
4—5 mm. longus, glaber, tubo 2—2.5 mm. longo, lobi tubo aequilongi, triangulares, apice apiculati 
et acuti. Vexillum 7—10 mm. longum, alae 10—12 mm. longae, androeceum 8 — 9 mm. longum. 
Legumen 3—5 mm. longe stipitatum, ovatum, 1.5—2.5 cm. longum, 6—9 mm. latum, glabrum, 
prominenter reticulato-nervosum, non articulatum, 1-spermum. 
Holotypus: 27789 SVI Cuba; Prov. Oriente; in silvis calcareis litoralibus ad Playa Pe-
squero Nuevo pr. Santa Lucia. Leg.: A. Borhidi 15. febr. 1976. Isotypi: 27790 SVI et Bp. 
Obs. : P. spinifoliae Urb. affinis, quae a specie nostra foliis 3—7-foliolatis, floribus majori-
bus, vexillo 10—13 mm. longo, et fructibus late linearibus, 3—5 cm. longis, 3 5-articulatis sine 
dubio specifice differì. 
Pictetia marginata sensu Alain e Santo Domingo, in Mem. New York Bot. Gard. 2.1(2) : 120. 
1971. probabiliter = P. cubensis Bisse. 
Belairia angustifolia (Griseb.) Borhidi comb. n. Basionym. : Pictetia angustifolia Griseb. 
in C.atalogus Plantarum Cubensium. Lipsiae 1866. p. 73. (Syn.: Belairia ternata Wr. in Griseb. 
1. c.p. 81.) Citatum huius combinationis novae a clo. Dr. J. Bisse in Ciencias, Botanica, Ser. 10. 
No. 2. 1975. p. 11. Univ. de la Habana incomplete et errate publicatum. 
Fam. : Untacene 
Amyris lineata Wr. ex Griseb. s. 1. 
As a result of a detailed morphological s tudy this species proved to be a t axonomic 
complex, which can be separated into three well-defined taxa f rom a morphological and chor-
ological point of view. The analyt ical key for their identification is the following: 
1 a Leaves lanceolate to l inear; the apex long acuminate and acute, sepals t r iangular-ovate , 
0.5—1.5 m m long, petals suborbicular of the same length 2 
b Leaves l inear; the apex long a t tenua te , not acuminate , obtuse or rounded; sepals semior-
bicular, minute , 0.2 0.3 m m long: petals elliptic, 5—10 times as long as the sepals (Cuba: 
Or.: Sierra Maestra, endemic) 1. A. maëstrensis Borhidi et Keresz ty 
2 a Petiole roughly glandular-muricate , ar t iculate 1 — 2 mm f rom the end. Sepals with dentic-
ulate margin ; ovary covered by lucid resinous points, st igma sessile (Cuba: LV.: Sierra 
de Escambray , endemic) 2. A. verrucosa Borhidi et Keresz ty 
b Petiole glandular, not roughly muricate, ar t iculated at the end. Sepals with entire margin , 
style thick, 0.3- 1 m m long, stigma s t ipi ta ted (Serpentine latosols of Cuba: P R . : Cajal-
bana , Or. : North of Oriente, endemic) 3. A. lineata Wr. ex Griseb. 
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Amyris maëstrensis Borh id i e t K e r e s z t y sp. n . 
(Cuaba de la Maest ra) . Arbor parva, 8 m. alta (ex Leon), val de ramosa; rami hornotini 
tenues, flexuosi, vetustiores levissime longitudinaliter lineato-striati. Folia unifoliolata, 3—10 mm. 
longe petiolata, petiolis tenuibus flexuosis, glanduloso-punctatis sed non verrucoso-muricatis suf-
fulta, oblongo-linearia, 2.5—6 cm. longa et 0.3—0.6 mm. lata, basi cuneata, antice longe angustata 
sed non acuminata, apice ipso obtusa vet rotundata, nervis lateralibus parallellis numerosis valde 
approximatis supra prominulis, subtus prominentibus, lamina supra impresso-punctata, subtus 
inter nervös sparse glandulosa et minute punctata vel minutissime pulverulenta, ulrinque viridis, 
coriacea. Inflorescentiae laxae, sparsiflorae. Flores minuti, glabri. Lobi calycis 4, semiorbiculares, 
0.2—0.3 mm. longi, margine integri, petalo oblongo-elliptica, 1.5—2 mm. longa, apice acuta, 
lobis calycis 5—10-plo longiora; stamina petalis + aequilonga. Discus 0.5 mm. altus, e lobis 
calycis manifeste exsertus. Ovarium subglobosum, apice manifeste attenuatum in stylum brevem 
protractum. Stigma capitatum, breviter stipitatum. Bacca globosa, nigra, 3—4 mm. in diametro. 
Holotypus : Cuba; Prov. Oriente; Sierra Maestra, in silvis montis Lorna del Gaio in alt. 
approx. 1000 m.s.m. Leg.: H. Clemente Nr. 5156! dec. 1946. (cumflor. etfruct.) in SVI ; isotypus: 
BP! 
Specim. exam": Ibidem, H. Chrysogone Nr. 4254! aug. 1944. (cumflor. et fruct.) — 
Sierra Maestra: Lorna La Barbi, in alt. 800—900 m.s.m. Leg.: Leon, Clemente et Roca 11. 
jul.— 14. aug. 1921. Nr. 10227! — Sierra Maestra: Mogote Peak. Leg.: Bucher Nr. 135!,febr. 
1927. 
Amyris verrucosa Borh id i e t K e r e s z t y sp. n . 
Arbor parva, 6—7 m. alta (ex Jack) ; rami vetustiores cortice transversaliter dense lenticel-
lati. Folia unifoliolata, 5—10 mm. longe petiolata, petiolis glandulis prominentibus verrucosis, 
sub apice 1 — 2 mm. distante articulatis suffulta, lineari-lanceolata, basi obtusiuscula, apice longe 
acuminata et acuta, 2—5 cm. longa et 0.5—0.8 cm. lata, nervis parallelis numerosis utrinque pro-
minentibus, inter nervös glandulis prominulis suffulta, margine incrassata, integra, coriacea. 
Inflorescentiae axillares, corymbi pauciflori. Flores brunnei; calycis lobi 4—5, ovati vel triangulari-
ovati, 0.5—1 mm. longi, margine crenulato-denticulati, pelala valde imbricata, suborbicularia, 
sepalis + aequilonga. Stamina 8—10, basi connatis, longe exsertis. Discus glandulosus, 0.5 mm. 
altus. Ovarium ovatum, punctis resinosis, lucidis obtectum, 1—1.5 mm, longum, apice breviter 
attenuatum, stylus nullus; stigma sessile. 
Holotypus : Cuba; Prov. Las Villas; Sierra de Escambray ; Lagunas de Buenos Aires, alt. 
aprox. 800 m. Leg.: J. G. Jack 9. apr. 1930. (Nr. 7893) SV!; isotypus: Bp! 
F a m a Euphorbiaeeae 
Ditta Gr i seb . 
Adde ad descriptionem : Inflorescentiae masculinae brevissime racemosae, capiluliformes, 
rhachis racemi dense et minute bracteosa, glabra. Flores masculi: sepala 3, imbricata, stamina 3, 
supra receptaculum adnata, sessilia, filamenta subnulla, inter sese connata. Loculamenta 4, centro 
connata. 
Analyt ica l k e y t o t h e species of t h e genus: 
1 a Leaves o b l o n g - o v a t e to o b l a n c e o l a t e , 4 — 9 cm long , ob tuse to e m a r g i n a t e a t t h e apex , 
g labrous b e n e a t h . B rac t s o b t u s e to r o u n d e d ; m a l e f lowers pa le g reen , receptac le t h i c k 
(Cuba: N o r t h Oriente , H i s p a n i o l a , Po r to R i c o ) 1. D. myricoides Griseb. 
b Leaves r h o m b i c , 2 — 4.5 c m long , acute a n d a p i c u l a t e at t he a p e x , se t i f e rous -h i r su te be-
n e a t h ; b r a c t s ap icu la te to a c u t e ; male f lowers ye l lowish , r ecep tac le t h i n (Cuba : Or. : Sierra 
Maes t ra , e n d e m i c ) 2. D. maëstrensis Borh id i 
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Ditta maëstrensis Borhidi sp. n. 
Arbor parva usque ad 6—8 m. alta; rami hornotini flavescenti-virides, flavo- vel ferrugineo-
hirsuti. Stipulae ovatae, obovatae vel semiorbiculares, juxta petiolum abeuntes, flabellato-lobatae 
vel incisae, cca. 1 mm. longae. Folia 2—3 mm. longe petiolata, rhombea vel breviter oblanceolata, 
utrinque angustata, basi longe cuneata, apice acuminata et acuta, 2—4.5 cm. longa et 0.6—1.8 cm. 
lata, nervo medio supra prominulo, subtus carinato-prominenti, supra basim valde incrassata et 
setaceo-hirtula, lateralibus utroque latere 6—9, supra prominulis, subtus prominentibus et anasto-
mosantibus, lamina margine regulariter glanduloso-denticulata, recurva vel anguste revoluta, supra 
nitida, subtus opaca et setis dense setaceo-puberula, in sicco utrinque flavicans, coriacea. Flores 
masculi in glomerulis axillaribus racemosis multifloris densisque ; rhachis dense bracteata, bracteae 
minutae, lanceolatae, acutae vel acuminatae. Flores masculi flavi, alabastro 1—1.5 mm. in diam., 
sepalo 3, imbricata, membranacea, utrinque glabra, stamina 3, sessilia, connata, 4-locularia, 
supra receptaculum tenuiter adnata. Flores feminei axillares, sessiles, plerumque solitarii; sepalo 
3, vel casu uno absente, inter sese libera, ovata, dorso sparse strigillosa, plerumque resina induta, 
basi marginis denticulum solitarium glandulosum geremia, subcoriacea. Ovarium ovatum, glab-
rum, 2—3-loculare. Capsula depresse-globosa, 6—7 mm. longa et 6 - 8 mm. in diumetro. Semina 
2 - 3, elliptica, 6 mm. longa et 4—5 mm. lata. 
Hololypus: Cuba; Prov. Oriente: Cresta de la Sierra Maestra, 1300 m.s.m. Leg.: H. Leon 
jul. 1922. Nr. 10883 in S V ! ; isotypi: 10884 SV! et in NY. 
Specim. exam.: Pico Turquino, Leon 10721 ! — Lorna Regino in 1725 m., Ekman 5297 ! -
Lorna Joaquin, cca. 1500 m., Ekman 14465! — Pico Bayamesa, Lopez Figueiras 2124! — Pico 
Turquino, Acuita 9607! — Entre Lorna de Carderò et Pico Cuba in 1500 m., Borhidi, Muhiz et 
Vazquez 1679! — Pico Suecia in 1700 m., Borhidi, Muniz et Vazquez 1861! 
Fani. : Celastraceae 
Torralbasia K rug et Urli. 
Key to t he species of the genus: 
1 a S tems brownish to d a r k grey, smooth and sparsely lenticelled (Cuba: LY.: Sierra de 
Escan ibray , Or.: Sierra Maestra; Hispanio la) I. T. domingensis Urb. 
h Steins greyish, densely verrucated, not lenticelled (Cuba: Or.: North Oriente : Hispa-
niola. Por to Rico) 2. T. cuneifolia (Wr.) K r u g et Urb. 
aa Leaves chartaceous, 1.5 — 4 cm long, obovate , peduncle 5—15 mm, pedicels 2—4 nun 
long ssp. cuneifolia 
lib Leaves coriaceous to subcoriaceous; peduncle 15 30 m m , pedicels 4 10 mm long 
(Or.: Moa-Baracoa, endemic) ssp. verrucosa Borhidi 
aaa Leaves obova te , subcoriaceous, margin hardly recurvate  
va r . verrucosa 
b b b Leaves widely obovate to suborbicular , coriaceous, margin revoluted  
var. rotundata Borhidi 
Torralbasia cuneifolia (Wr . ex Griseli.) Krug et Urb. ssp. verrucosa Borhidi ssp. n. 
Frutex vel arbor parva. Rami hornotini leviter angulati, cortice cinerascenti, densissime 
granulato-verrucosi, elenticellati.. Folia 3—7 mm. longe petiolata, petiolis minute verrucosis 
praedita, obovata vel suborbicularia, 2.5—6 cm. longa et 1 3 cm. lata, subtus punctis resinosis 
albis densissime obtecta, margine remote denticulata, vel integra, tenuiter recurva, utrinque glabra, 
coriacea. Cymae axillares, laxiflorae; pedunculus 15—35 mm. longus, rami laterales cymae 
5 10 mm. longi, pedicelli 4—10 mm. longi. Sepalo semilunaria, usque ad 0.5 mm. longa, petalo 
obovata 1.5—2 mm. longa, filamento subulata, 1 mm longa. Pericarpium coriaceum, semen ovale, 
in sicco brunneum, 3 mm. longum. 
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Holotypus : Cuba: Prov. Oriente; Region de Mon; En el camino de Mina Della cerca del 
puente Rio Cayoguân. Leg.: Clemente et Chrysogone 4509 !, 4. jul. 1945. SV! 
Specim. exam.: Bosque la Brenn, Mon; Clemente 4413; — Ibidem, Leon 22590! - Rio 
Jaragua, Mou, Clemente, Chrysogone et Nestor 4502! — Arroyo el Sonador, Piedra La Vela, 
Sierra de Moa; Alain 3246!. 
var. rotundata Borhidi var . n. 
A typo differì : foliis coriaceis late obovatis vel suborbicularibus, apice truncatis vel emargi-
natis, 2— 5 cm. longis et 1.5- 3.5 cm. lalis, basi breviter cunealis, margine revolutis. 
Holotypus : Cuba; Prov. Oriente; Sierra de Iberia, Taco Bay. Baracoa, leg.: Lopez Figuei-
ras 25. jul. 1960. UO 2210 in SV! 
Specim. exam.: Ibidem, Lopez Figueiras 2233! Moa, Aserradero 26, La Melba, Leg.: 
Del-Risco 27449 SV! 
Fani . : Hhamiiaceae 
Auerodendron acunae Borhidi et Muniz sp. n. 
Frutex vel arbor parva usque ad 5—7 m. alta. Rami teretes, glabri, nigrescenti-striati. 
Stipulae interpetiolares lanceolalae, obtusae vel acutae, basi brevissime corinatae, postremo trunca-
tae, 1 mm. longae, glaberrimae. Folia opposita, petiolis 4 8 mm. longis, angulato-striatis, supra 
sulcatis, circumcirca glaucopruinosis et glabris praedita, oblongo-ovata, basi obtusa vel truncata, 
apice acuta vel obtusa et mucronata, 2.5—6 cm. longa et 1— 2 cm. lata; nervo medio supra impresso, 
lateralibus utroque latere 7—9, sub angulo 45—50° abeuntibus, supra impressis, sublus prominenti-
bus et minutissime reticulato-conjunctis, supra nitida, in sicco brunnea, subtus opaca, pallida, 
utrinque punctis prominentibus, subtus nigris notata, glabra, margine remote undulato-crenulata, 
chartacea. Inflorescentiae axillares, corymbiformes, glaberrimae, glaucopruinosae. Pedunculi 2—7 
mm. longi, bracteae lineari-subulatae 1-1.5 mm. longae; pedicelli 2—4 mm. longi. Alabastra 
globosa, superne breviter apiculata. Calyx 2.5—3 mm. longus, leviter turbinatus, epunctatus, lobi 
tubo aequilongi, triangulares, acuti, intus crasse carinoti et medio laminula valde prominenti 
ornati. Petalo obovata vel suborbicularia, apice rotundata, integra, late stipitata, 0.8—1 mm. 
longa. Discus calycis tubum obtegens. Stamina ad marginem disci inserta, filamento +J mm. 
longa, antherae ovatae, apice acutae. Stylus mm. crassus, apice truncatus. Ovarium superum, 
suborbiculare, imperfecte 2-loculare; ovula 2. 
Holotypus : Acuita 19702 SV!; Cuba; Prov. Oriente; Sierra del Cristal, Saca La Lengua. 
Leg.: Acuita et Zayas 26—27. mai. 1955. 
Obs.: Habitu A. acuminato (Griseb.) Urb. affinis, quod foliis majoribus, stipulis, petiolis 
et inflorescentiis puberulis statim discernendum est. 
Fani . : Sabiaceae 
Meliosma herbertii Bolfe 
Arbor mediocris usque ad 15 20 m. alta. Rami teretes, lenticellis elliplicis, 1 2 mm, longis 
obsili, ferrugineo-hirsuti vel puberali, mox glabrescentes. Folia alterna, 15 - 25 mm. longe petiolata, 
petiolis supra late sulcatis, basi incrassatis plicatisque suffulla, lamina obovato-oblonga vel oblan-
ceolata, basi longe attenuata et cuneata, apice abrupte et 1 1.5 cm. longe acuminata et acuta, 
10—13 cm. longa et 4.0—5.5 cm. lata, nervo medio supra impresso et subtus prominenti, utrinque 
glabro, lateralibus utroque latere 8 12, supra tenuiter prominulis, subtus crassiuscule prominenti-
bus, ante marginem arcuato-conjunctis et utrinque dense reticulatis, margine integra, lamina supra 
opaca, in sicco brunnea, subtus pallidior, resinoso-punctulata, chartacea vel subcoriacea. Inflore-
scentiae fructiferae tantum visae, 10 15 cm, longae, paniculatae, ferrugineo-hirsutae. Pedunculus 
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1.5—2.5 cm. longus et 1 — 2.5 mm. crassus. Bracteae primariae euphylloideae, 5—15 mm. longe 
petiolatae, ovato-lanceolatae, integrile, 2.5—5 cm. longae et 1.2—2 cm. latae. Pedicelli fructiferi 
2—4 mm. longi. Fruclus oblique obovatus, supra basim abrupte contractus, reticulatus, 12— 18 mm. 
longus et 10—13 mm. in diametro, plerumque aborto 1-locularis. 
Specim. exam. : 27391 SVI; Cuba; Prov. Oriente. Subida al Yunque de Baracoa. Leg.: E. 
Del-Risco, 1. febr. 1973. First repor t f rom Cuba. 
Fani. : Theaceae 
Laplacea cristalensis Borhidi et Muniz sp. n. 
Arbor parva. Rami teretes cortice brunneo, minute ruguloso, pilis longis adpresse puberulo. 
Folia 2—5 mm. longe petiolata, peliolis pilosis suffulta, obovala, apice rotundata et breviter emar-
ginata, basi longe cuneata et in petiolum prolracta, 3—6 cm. longa et 1.5—2.5 cm. lata, nervo medio 
supra impresso, subtus prominenti et longe adpresse piloso, lateralibus nullis vel 5—7 paribus 
utrinque obsoletis ; lamina supra glabra, in sicco olivacea vel brunnea, subtus flavescens vel ferru-
gineo-opaca, resinoso albo-punctata et statu juvenili dense sericea, mox pilis tenuissimis adpressis, 
e basi luberculato, brunneo abeunlibus sparse sericeo-pilosa, postremo glabrescens et brunneo-
punctata, margine integra, tenuiter revoluta, coriacea. Flores in uxillis foliorum solitarii. Pedun-
culus 3- 8 mm. longus, adpresse pilosus, apicem versus dilatants, 3- 4 mm. crassus. Sepalo 6 8, 
obovala, apice rotundata vel truncala, 6—8 mm. longa, dorso dense sericea. Petalo 5, ovata, apice 
rotundata, dorso praesertim basim versus sericeo-puberula, 14— 18 mm. longa. Stamina numerosa, 
filamento glabra. Otarium sericeo-villosum ; styli basi connati, superne divergentes. Fructus 
breviter obovatus, 15 —20 mm. longus, 5— 6-carpelaris, glaber. Semina alata, cum alis usque ad 
1 1.2 cm. longa. 
Holotypus : Cuba; Prov. Oriente; Sierra del Cristal, "Charrascal de la Falda Sur". Leg: 
Alain et Lopez Figueiras 4806! 29. dee. 1955. SV! 
Specim, exam.: Sierra del Cristal: Los Mulos; leg.: Alain, Acuiia et Lopez Figueiras 
5362 ! Inter Los Mulos et Corea, alt. aprox. 630 m.; leg.: Lopez Figueiras UO 212! — Rio 
Lebisa ; leg. : Lopez Figueiras, UO 203 ! 
Obs. : L. benitoënsi (Britt. et Wils.) 0. C. Schmidt affinis, quae a pianta nostra foliis supra 
nitidis, subtus glabrescentibus et pilis basi non luberculatis suffultis, epunctatis, petiolis longiori-
bus, pedicellis brevioribus et tenuibus, sepalis 5, petalis glabris, multo minoribus differì. 
Ternstroemia moaënsis Borhidi et Muniz sp. ri. 
Frutex vel arbor parva usque ad 6— 7 m. alta. Rami oppositi, hornotini ruguloso-striati, 
flavicantes, vetustiores cinerascenles. Folia 2- 10 mm. longe petiolata, obovata vel oblongo-obovata, 
basim versus angustata et in petiolum prolracta, apice rotundata et emarginata vel anguste excisa, 
6 10 cm. longa et 3—5 cm. lata, nervo medio supra inferne impresso vel plano, superne crassius-
cule prominulo, subtus per totam longiludinem prominenti, lateralibus utrinque conspicuis et tenui-
ter prominulis, marginem versus obsoletis, lamina margine incrassata, integra et calde revoluta, 
crasse coriacea. Pedunculus 2—4 cm. longus, prophylla late ovata vel orbiculari-ovata, 5—6 mm. 
longa et 4—5 mm. lata, apice apiculata et acuta, margine glandulosa. Sepalo 5, oblongo-ovata vel 
elliptica, 10—12 mm. longa, exteriora margine glandulosa, interiora margine membranacea, 
glabra. Ovarium biloculare ; fructus ovalus, apice rotundatus vel truncatus, 15—18 mm. longus et 
10—14 mm. latus. Semina 2—6. 
Holotypus : Cuba; Prov. Oriente; in charrascosis monlis Cerro de Miraflores inter Moa et 
Cananova. Leg.: A. Borhidi, R. Capote et Ramone Oviedo 12. sept. 1974. 
27821 SV!; isotypus: Bp.! 
The wood is used in rural carpent ry . 
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Farn.: Combretaceae 
Terminalia canescens Borhidi et Muniz sp. η 
Arbor 15 m. alta; truncus rectus, cacumen late rotundatus. Folia obovala ν el elliptica, 
7—10 cm. longa et 2.5—4.5 cm. lata, 7—12 mm. longe petiolata, apice obtusa et brevissime apicu-
lata, basi breviter cuneata vel obtusiuscula, margine tenuiter revoluta; nervo medio supra inferne 
prominenti, apicem versus appianato, lateralibus 8—9 supra plants vel tenuiter prominulis, 
subtus bene prominentibus, ante marginem arcuato-conjunctis et anastomosantibus; lamina 
utrinque, praesertim ad nervos pilis longis tenuibusque albis arachnoideo-tomentosa, chartacea. 
Inflorescentiae axillares 10— 12 cm. longae, folia panilo superantes, 4—6 cm. longe pedunculatae, 
breviter ferrugineo-floccosae et pilis longis albis canescenter tomentosae, multiflorae. Hvpanthium 
2—2.5 mm. longum et 1.5—2 mm. latum, tubus calycis 3 mm. longus; lobi 5, late triangulares, 
1—1.5 mm. longi, apice incrassati, extus cum tubo ferrugineo et conoscenti tomentosi, intus glabri. 
Stamina 10, in seriebus duabus, exteriora ad tubum calycis in fauce adnata, filamento 1 2 
mm. longa, glabra. Stylus cylindraceus, apice attenuatus, glaber. Discus ferrugineo-villosus. 
Holotypus : Borhidi 4374; Prov. Oriente; in silvis décidais vallis Rio Tacre pr. pag. 
Cajobabo, Sur de Baracoa. Leg.: A. Borhidi, 0. Muniz et S. Vazquez, 17. mart. 1970. SV!; 
isotypus: Bp ! 
The wood can be used for fu rn i tu re , and f ine constructions, s t ruc tures , heavy plankings 
and cross-ties. 
Fain.: lYlyrsinaceae 
Myrsine L . 
Analytical key to the Cuban species: 
1 a Young s tems pubescent to tomentose wi th ferrugineous h a i r s (Or., LV., Neotropics) 
1. M. coriacea (Sw.) R. Br. 
b Young s tems glabrous 2 
2 a Leaves coriaceous, 8—25 m m long, 6—11 m m wide, fruit 3—3.5 m m in diameter (Or.: 
Sierra Maes t ra , endemic) 2. M. microphylla (Br i t t . et Wils.) Alain 
b Leaves char taceous to subcoriaceous, leaves and frui t larger 3 
3 a Leaves obova te , 1.8 - 4 cm wide , pale and dull beneath; f lowers 4—5-merous, pe ta ls ob-
tuse, pu lve ru len t at the m a r g i n (Cuba: P R . . I P . , Hab., Mat., LV., Cam.: endemic) . . . . 
3. M. cubana A. DC. 
b Leaves oblong-elliptic or oblanceolate , 0.8—2.2 cm wide, shiny benea th , flowers 4-merous, 
petals lanceolate, acute, membranous , glabrous a t the margin (Cuba : Or.: Sierra del Cristal, 
endemic) 4. AI. cristalensis Borhidi 
Alyrsine cristalensis Borhidi sp. n. 
Arbor parva vel mediocris usque ad 15 m. alta, corona oblongo-pyramidata. Rami hornotini 
flexuosi, brunnei, glabri, vetustiores cinerei. Folia 4— 10 mm. longe petiolata, oblongo-elliptica, 
oblongo-obovata vel oblanceolata, apice obtusa, rotundata vel truncata et emarginata, basi longe 
cuneata et in peliolum protracta, 2 — 5.5 cm. longa et 0.8—2.2 cm. lata, nervo medio supra promi-
nulo, subtus prominenti, lateralibus utrinque nullis vel obsoletis; lamina supra nitida, in sicco 
brunnea, plicatula, punctis impressis sparsis, subtus leviter pallidior, nitidula, glandulis promi-
nentibus obsita, utrinque glabra, leviter obliqua, chartacea vel subcoriacea. Flores in fasciculis 
brevissime pedunculatis, 0.5—1 mm. longe pedicellati, 4-meri. Sepala 0.7—1 mm. longa, lanceolata, 
longe acuminata et acuta, margine glabra. Pelala ovata vel lanceolata, basi usque ad 1/4 partem 
connata, apice acuta et plerumque acuminata, 2—2.5 mm. longa, margine membranacea, glabra. 
Antherae 1.5—2 mm. longae, apiculatae, petalis manifeste breviores. Ovarium ovatum. Fructus 
non visus. 
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Holotypus : Cuba; Prov. Oriente; Sierra del Cristal, Bosque hümedo de Cayo Verde. Leg.: 
H. Alain et Lopez Figueiras 26. dec. 1955. 4529! SV. 
Specim. exam.: Bosque hümedo de Cayo Verde in alt. aprox. 650 m.s.m. Leg.: A. Borhidi 
et M. Vales 9. apr. 1976. — Charrascos cerca del Cumbre del Cristal, 2—7. apr. 1956. Leg.: Alain, 
Acuha et Lopez Figueiras 5636 ! 
Obs. : M. punctatae (Lam.) Stearn affinis, quae a specie nostra foliis minoribus, obovatis, 
2—3 cm. latis, supra manifeste punctatis, floribus 4—5-meris, ovario rotundato differì. 
Myrsine cubana A. DC. is a valid endemic species of the flora of Cuba. (Rapanea guia-
nensis auct. cub. non Aubl.) 
Fani . : Arecaceae 
Coccothrinax borhidiana Muniz sp. n. 
Palma 4 7 m. alta; caudex usque ad 8—20 cm in diametro, foliis siccis, permanentibus 
dense obtectus. Vagina frondis usque ad 70 cm longa, pars libera ovata, usque ad 20 cm longa, 
fibris flexuosis capilliformibus, 0.5—1 mm. crassis in unum stratum dispositis laxe intertexta. 
Petiolus biconvexus usque ad 10 cm longus, ad apicem 2 cm latus. Ligula revoluta, fibroso-
intertexta. Lamina suborbicularis, rigida, supra viridis, subtus pallida, punctulis concoloribus vix 
conspicuis praedita; segmenta 32—36, centralia 60—65 cm longa, basi 22—25 cm longe connata, 
dimidio 4.5 cm. lata, apice in acumen 9—10 cm longum abrupte contracta. Spadix usque ad 110 
cm. longus, uscendens, rectus, spathae coriaceae, glabrae, apice acutae, saepe fibrosae. Inflores-
centiae partiales 4—5, pars ramosa 30—35 cm longa, ramuli fioriferi inferiores 12—18 cm longi, 
pedicelli fioriferi 1.5—3 mm longi, 0.5—0.8 mm crassi. Perianthii lobi 6, stamina plerumque 
8— 9, filamenta lineari-subulata, perianthii dentes paullo vel 1 et 1/2-plo superantia. Fructus 
maturi nigri, glabri, subglobosi, 7- 9 mm. in diametro. Semen depresso-globosum, 5—6 mm in 
diametro, profunde sulcatum. 
Holotypus: Cuba; Prov. Matanzas; Litus calcareum maritimum altum in Punta Seboruco 
inter Jibacoa et Matanzas. Leg.: 0. Muniz 14. mai. 1970. 27118 SV!; isotypus: Bp! 
Specim. exam.: Ibidem, Leg.: A. Borhidi, E. Del-Risco, R. Capote, 29. mai. 1974. 
Obs.: C. crinitae Becc. habitu affinis, quae a specie nostra forma robustiore, vaginae fibris 
tenuissimis multistratis et dense intertextis, foliis majoribus, longe petiolatis, segmentis 50—52, 
usque ad 1 m longis; inflorescentiis partialibus 6 - 11, multo longioribus, pedicellis crassis, stami-
nibus 12 et fructibus majoribus, 15 — 20 mm in diametro facillime distinguitur. 
The leaves are used for roof covering in farmhouses. 
* 
Prepared at the Research Ins t i tu te for Botany of the Flungarian Academy of Sciences, 
Vâcrâ tô t , Flungary; Komarov Botanical Ins t i tu te of the Academy of Sciences of the URSS, 
Leningrad: Botanical Ins t i tu te of the Academy of Sciences of Cuba, H a v a n a . 
A . BORHIDI , N . IMCHANITSKAYA, 0 . MUNIZ 
D I A L L E L CROSS ANALYSIS O F QUANTITATIVE 
CHARACTERS IN CIGAR W R A P P E R TOBACCO 
The practical utility of s tudy ing quant i t a t ive characters in any crop in order to deter-
mine their influence on yield potent ial is well-known. In cigar tobaccos no t much work seems 
to have been done in this direction. Keeping this in view, the present s t u d y was carried out 
in order to give an idea of the addit ive and dominance effects of genes in a set of diallel crosses 
in this crop. 
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An 8 x 8 set of diallel crosses was made b y crossing eight cigar wrapper (JV. tabacum L.) 
varieties, namely , R a n g p u r S u m a t r a , F a r m s o n ' s maril la, M o n t e c u l m brun, S.A. 40— 31, 
Magnolia, Rg , Sumat ra a n d Dixie shade. The pa ren t s and all possible F , ' s were raised in a 
randomized complete block design wi th two replicates. Five r a n d o m l y selected compet i t ive 
plants were used for obse rva t ion . The da ta were recorded for t o t a l number of curable leaves 
per p lan t , t o t a l laminar l e n g t h , b r e a d t h and l amina r area per p l a n t , cured leaf and seed yield 
per p lant and days to f lower ing . 
The d a t a were ana lyzed using DAYMAN'S (1954) method for tes t ing the addi t ive and do-
minance effects in the diallel crosses. The add i t ive variance be tween the paren t s a n d the 
materna l e f fec ts is represen ted by the equa t ion : 
Yrs = m + ir + js + jrs + kr — ks + krs 
where m = grand mean, j r = mean deviation f r o m the grand m e a n due to r th p a r e n t , j r s 
remaining discrepancy in t he r s t h reciprocal sums, kr = difference between the effects of the 
r th pa ren ta l line used as m a l e pa ren t and as female pa ren t , krs = remaining discrepancy 
in the rs th reciprocal d i f fe rence . The four sums of squares are d e n o t e d as (a), (b), (c) and (d). 
For the more precise i n t e r p r e t a t i o n of dominance differences b e t w e e n parenta l mean , progeny 
mean and t he deviat ions due to specific pa ren t s , it can be given as: 
Y
rs = m + jr + js+l + lr + ls + lrs + Κ ~ ks + krs (r ^ s) 
Yr = m + 2jr - (η — 1)/ — (n — 2)lr 
where I = mean dominance var ia t ion 
l r = fu r the r dominance deviat ion due to the r th p a r e n t 
Zrs = remaining d i sc repancy in the r s th reciprocal s u m . 
E a c h error entered in T a b l e 1 is the in te rac t ion with t h e env i ronment of the corre-
sponding m e a n effect and since the addi t ive and dominance va r i a t i on may not he expected 
to be inf luenced to the same e x t e n t by the env i ronmen t , each m e a n should he tes ted against 
its own in te rac t ion . However , t he error var iances have been pooled to give a common error 
variance (B t ) and the mean in each case has been calculated b y us ing this. 
E s t i m a t e s of c o m p o n e n t s of var ia t ion show t h a t the p a r e n t s used here gave s ignif icant 
var iat ions for all the cha rac t e r s studied (Table 1). 
The cul t ivars showed s ign i f ican t reciprocal differences fo r all the trai ts . The ma te rna l 
effects were observed only for t h e laminar area, cured leaf and seed yield and days to f lowering. 
The existence of materna l e f f ec t s indicates t h a t caut ion should be exercised in choosing the 
mate rna l p a r e n t . Parents g iv ing be t te r results as a mother should only be used as a mo the r 
in these crosses. In cigar f i l ler tobacco (DUBEY 1975, LDKOSEVICIUS 1970) mate rna l effects 
have also been observed. 
Regard ing the dominance genetic va r ia t ion , its var ious componen ts b , , b2, and b 3 
provided an es t imate of m e a n dominance var ia t ion , f u r the r dominance var ia t ion due to a par-
ticular p a r e n t and the r e m a i n i n g discrepancy in the rs th rec iprocal sum, respectively. The 
significance of b ( clearly i nd i ca t ed the presence of dominance for all the characters except 
days to f lowering. Component b2 showed an i r regular d is t r ibut ion of genes controlling these 
seven q u a n t i t a t i v e characters in the cult ivars used. Quite s igni f icant est imates of b3 were also 
obtained for all the characters . Also in other cul t ivars of tobacco (POVILAITIS 1964, GOPINATH 
et al. 1967) dominance effects h a v e been recorded. Marked va r i ab i l i t y for seed yield was also 
observed. Genes controlling seed yield also exhib i ted dominance a n d an asymmetr ica l dis-
t r ibut ion. 
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Table 1 
Analysis of variance for different characters in tobacco 
Mean sum of squares for different characters 
Com-
ponen t s 
Con-
s tan t s df N u m b e r of 
curable 
leaves 
Total 
laminar 
length 
Total 
laminar 
breadth 
Tota l 
l aminar 
area 
Total 
cured 
leaf yield 
T o t a l 
seed yield 
Days to 
flowering 
a Jr 7 92.60** 212 613** 76 076** 755.3** 1848** 143.8** 465.0** 
br 1 1 18.00** 111 250** 32 112** 307.3** 782** 329.9** 5.0 
b 2 \ 7 8.60** 38 885** 9 242** 105.9** 191* 223.4** 27.1** 
b 3 \s 20 5.30** 20 957** 6 913** 81.8** 354** 240.0** 18.8** 
b its 28 6.60** 28 664** 8 396** 96.0** 328** 239.0** 20.0** 
c 
Κ 
7 2.20 9 262 3 314 25.5** 274** 204.0** 3.6 
d Ks 21 2.00 5 899 1 432 14.0 396** 51.0** 37.0** 
63 14.10 393 559 13 029 134.0 514 162.0 77.0 
Β 1 5.00 27 848 8 450* 61.0* 599* 24.0 23.0** 
Ba 7 1.30 3 574 753 6.6 30 17.5 1.1 
Be 7 1.50 2 773 564 4.2 64 19.0 3.0 
B t 63 1.28 5 049 1 415 8.3 93 15.7 1.9 
* Ρ < 0.05 - 0 . 0 1 
** Ρ < 0.001 
I n some of t h e cases d i f ferences d u e to blocks w e r e also p resen t t o a ce r ta in e x t e n t , 
w h i c h m a y be a t t r i b u t e d to minor v a r i a t i o n s in t he e d a p h i c condi t ions . I n t e r a c t i o n s such as 
B a a n d B e were n o t s ign i f ican t for a n y of t he t ra i t s . 
T h e genet ic d ive rgence and a s y m m e t r i c a l gene d i s t r i bu t i on p r e s e n t in the var ie t i es 
u sed f o r t h e c h a r a c t e r s measu red p r o v i d e d an o p p o r t u n i t y for improv ing t h e yield po ten t i a l 
of t h e s e var ie t ies . 
A c k n o w l e d g e m e n t 
T h e a u t h o r ' s g r a t e f u l t h a n k s a r e d u e to Dr. N . C. Gopa laehar i , D i r e c t o r , C .T .R . I . , 
R a j a h m u n d r y for fac i l i t ies . Sincere g r a t i t u d e is also exp re s sed to Prof . S. P . Singh, R . B . S . 
College, Agra for his e n c o u r a g e m e n t . 
* 
P r e p a r e d a t t h e Tobacco R e s e a r c h S ta t ion ( I C A R ) , D i n h a t a ( W . B . ) . 
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C A L I B R A T I O N O F SOIL T E S T S W I T H N I T R O G E N N E E D S O F A 
D W A R F W H E A T (T. AESTIVUM) IN M O L L I S O L S 
O F UTTAR P R A D E S H ( I N D I A ) 
Crop yields are general ly correlated wi th soil tests in Mitscherl ich Baule t y p e response 
curves and are supposed to be independent of o the r factors in f luenc ing the yield. B u t generally 
the response curves are no t of th is type and the i r ma themat i ca l and statist ical founda t ions 
have been questioned (COLWELL— ESDAILE 1968). When corre la t ing the soil tes ts for a partic-
ular nu t r i en t wi th yields, f a c to r s other t h a n soil test values should also be given due con-
siderat ion. Correlation s tudies are generally carr ied out either in a pot culture or in the field. 
In the fo rmer case the profile dis t r ibut ion of mobile available n u t r i e n t s and the physical prop-
erties of the soils are d i s t u rbed and are d i f fe ren t f rom those in situ; hence this m e t h o d is not 
appropr ia te for such s tudies , and field expe r imen t s are therefore preferred. In the l a t t e r case 
there have recently been t w o approaches for conduct ing the expe r imen t s : 
1. Exper iments are conduc ted at d i f fe ren t locations a n d the results are compiled, as 
is being done in Austral ia (COLWELL 1967, COLWELL— ESDAILE 1968). 
2. A wide variat ion is created in soil fe r t i l i ty in one and t h e same location and complex 
exper iments are conducted a t a few such locat ions , as is being done in India (RAMAMOORTHY— 
VELAYUTIIAM 1971). Locat ion differences due to fac tors other t h a n soil fert i l i ty do not vit iate 
the results and the s ta t i s t ica l confidence is higher . 
In Ind ia , due to t he wide var iat ion in soils and c l imate , t he first approach has not 
given sa t i s fac tory results a n d the second one is preferred. The ca l ib ra t ion curves are developed 
separately for each soil-climate-crop complex. A curvilinear regression between the soil test 
values of ni t rogen, phosphorus , potass ium, the fertilizer doses a n d their in terac t ions on the 
one hand and yield/yield response of the crops on the o ther h a s generally been obtained 
(RAMAMOORTHY 1973). A d j u s t m e n t equat ions are derived for fer t i l izer doses u n d e r different 
soil test values. In the p resen t s tudy , therefore , this approach was tried in a mollisol soil 
wi th whea t as the test crop. 
The exper iment was conduc ted a t the exper imental s t a t i o n of G.B. P a n t Universi ty 
of Agricul ture and Technology, Pan tnaga r (Naini ta l ) . The soils of this area, popular ly known 
as Tara i soils of U. P . , have developed on calcareous, medium to moderate ly coarse tex tured 
mater ia l wi th a high micaceous component , u n d e r the influence of mixed tall grass and forest 
vegeta t ion in a monsoon t y p e of cl imate. The soils have been classified as mollisols (I)ESH-
PANDE et al. 1971). The e x p e r i m e n t was located on an aquic hap ludo l l (DESHPANDE et al. 1971) 
which had a f ine silty t e x t u r e . This type of soil is very widespread in the wheat growing belt 
of the sub-Himalayan plains in Nor th India. 
The exper iment was conduc ted in two phases. In the f i r s t phase , i.e. in the p repara to ry 
tr ial , a 0.8 ha plot was d iv ided into four s t r ips of equal size. To o b t a i n a sufficient range of soil 
fer t i l i ty wi th respect to n i t rogen , phosphorus and potass ium, g raded doses of N, P and К 
were applied in three s tr ips us ing urea, single superphosphate a n d mur ia te of po ta sh , respec-
t ively. One s t r ip was kep t as the control. 
A un i fo rm fodder maize crop was grown to stabilize t he fe r t i l i ty gradient by allowing 
the fertilizer nut r ients to r eac t for one crop season in a soil-plant sys tem. The fodder was har-
vested a f t e r 75 days. The soil fer t i l i ty va r ia t ions with respect to N, P and К in the aquic 
hapludol ls of this area are general ly due to differences in the p rev ious fertilizer doses and soil 
m a n a g e m e n t . The prepared p lo t was therefore used as a s imula t ion of the fer t i l i ty variat ion 
in the area. 
In the second phase, each of these s t r ips was subdivided into plots 1 0 x 4 m in size. 
Composite soil samples were collected at a d e p t h of 0—15 cm f r o m each of theses plots , then 
dried, passed through a 2 m m sieve, and ana lyzed for available n i t rogen by the Alk. KMn0 4 -
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m e t h o d (SUBBIAH ASIJA 1 9 5 6 ) , f o r o r g a n i c c a r b o n ( W A L K L A Y — BLACK 1 9 3 4 ) , f o r a v a i l a b l e 
phosphorus b y Olsen 's me thod (OLSEN et al. 1954), a n d for avai lable po ta s s ium by the a m m o -
n i u m aceta te m e t h o d (HENWAY—HEIDEL 1952). T h e response of var ious combina t ions of 5 
levels of n i t rogen (0, 50. 100, 150 a n d 200 kg N/ha) , 4 levels of p h o s p h o r u s (0, 5, 1000 and 150 
kg P 2 0 6 /ha) and 3 levels of p o t a s s i u m (0, 50 and 100 kg K. ,0/ha) to a two-gene-dwarf w h e a t 
(var ie ty K a l y a n — S o n a ) was s t u d i e d in each of these s t r ips separa te ly . 
The t r e a t m e n t s were r a n d o m i z e d within each of the four s t r ips separa te ly . E a c h t r ea t ed 
plot was sandwiched between con t ro l plots to t ake care of local he te rogene i ty . Half of the ni t ro-
gen as urea was basal dressed a n d t h e rest top dressed 30 days a f t e r sowing a t the t ime of t he 
second i r r igat ion. T h e whole q u a n t i t y of phosphorus and po tas s ium was b roadcas t in the f o r m 
of single s u p e r p h o s p h a t e and m u r i a t e of potash respec t ive ly before sowing. S tandard agronomic 
pract ices were a d o p t e d and d u r i n g harves t ing the t o t a l yield, gra in yield and s t raw yield of 
t he individual p lo t s were r ecorded . The yield response for each t r e a t e d plot was calculated 
b y sub t rac t ing the average yield of t he two ad j acen t control plots f r o m the yield of the t r ea t ed 
plot . Multiple regression e q u a t i o n s were worked o u t for var ious f u n c t i o n s wi th the help of a 
computer . 
Multiple regression e q u a t i o n s for the t r e a t e d plots corre la t ing the soil tes t va lues 
(kg/ha) for n i t rogen (N), p h o s p h o r u s (P) and po t a s s ium (K) (Sn, Sp and Sk respect ively) 
and doses (kg/ha) of nitrogen (N) , phosphorus (P 2 0 6 ) and po tas s ium ( K , 0 ) (Fn , Fp and F k 
respectively) on one hand w i th yield(Y)/yield response(Y'R) in kg /ha on the other for two 
selected func t i ons were ca lcula ted . Their R2- values are given in Tab le 1. 
F r o m Tab le 1 it is ev iden t t h a t the highest p red ic tab i l i ty ( 4 8 % ) is ob ta ined wi th func -
t ion 2, when the regression of t h e yield on soil t e s t va lues and fert i l izer doses and the in ter -
act ion be tween soil and fert i l izer nu t r i en t s has been t r ied . In th i s func t ion the value of R 2 
is the same in b o t h cases, w h e t h e r organic carbon or alk. K M n 0 5 — N is used as the index 
of available soil ni t rogen. H o w e v e r , since a rou t ine analys is of organic carbon is easier in t h e 
soil test ing l abo ra to ry , this p rocedu re will be more sui table t h a n t h e alk. K M n 0 5 — N m e t h o d . 
The equa t ion us ing organic c a r b o n as the index of soil n i t rogen was : 
Y = 4572—4480 Sn + 2557 Sn 2 — 28.88 Sp 
+ 0.4736 Sp 2 + 13.39 Sk* — 0.0227 Sk2 + 30.53 Fn** 
0 . 0 9 4 3 F n 2 * * + 0 . 5 8 F p + 0 . 0 1 0 9 F p 2 + 9 . 8 1 F k 
- 0 . 0 0 2 6 F k 2 — 5 . 9 9 S n F n — 0 . 0 3 2 8 S p F p 
0 . 0 4 3 2 S k F k ( R 2 = 0 . 4 8 * * ) (1) 
Table 1 
R- of different response functions 
Function 
Yield 
(Y) 
1. Regression of yield/yield response on soil tes t values 
and fertilizer doses: 
a) Using organic carbon as index of soil ni t rogen 
b) Using Alk. K M n 0 4 — N as index of soil n i t rogen 
0 . 4 6 * * 
0 . 4 6 * * 
0 . 3 5 * * 
0 . 3 2 * * 
2. Regression of yield/yield response on soil tes t values 
and fertil izer doses and in te rac t ion between soil and 
fertilizer nu t r i en t s : 
a) Using organic carbon as index of soil nitrogen 
b) Using Alk. K M n 0 4 — N as index of soil ni t rogen 
0 . 4 8 * * 
0 . 4 8 * * 
0 . 3 7 * * 
0 . 3 7 * * 
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T h e coefficients of ferti l izer phosphorus (Fp) and fertilizer po tass ium (Fk) are not 
s ignif icant , whereas those of fertilizer n i t rogen (Fn) are highly s ignif icant (**). This is due 
to the h igh soil fert i l i ty wi th respect to P and К in these soils. On isolating the par t ia l der ivat ive 
of Fn alone, therefore, and e x a m i n i n g the signs of the linear, quadra t i c and interact ion t e rms 
for fer t i l izer ni trogen (Fn) in E q . (1), a response func t ion of the following type is ob ta ined , 
which is bes t suited for fo rmu la t i ng the a d j u s t m e n t equat ion for the d i f ferent fertilizer doses 
a t var ious soil test values: 
Y = a + b F n — с F n 2 — d SnFn (2) 
where a is t he constant i ndependen t of F n a n d Sn, b, с and d are regression coeff icients , and 
Sn and F n s t and for the soil and fertilizer por t ions of ni t rogen. 
On di f ferent ia t ing E q . (2): 
dy 
dFn~ 
2c F n — d Sn (3) 
d y 
Since = 0 under c o n d i t i o n s of m a x i m u m yield, 
d F n 
Fn = 
dSn 
2c 
(4) 
P u t t i n g the values of b , с and d ( the regression coefficients of F n , F n 2 and S n F n re . 
spectively) in to Eq . (4): 
Fn (max.) = 162 — 31.7 Sn (5) 
where F n = fertilizer (N) dose (kg/ha) for m a x i m u m yield of whea t , 
Sn soil test value, i.e. percentage organic carbon. 
In o rde r to arrive a t the economically o p t i m u m dose, however , the consequences of 
the law of diminishing r e tu rns have to be k e p t in mind . Under such condi t ions : 
p. IY = q . JFn (6) 
where p = pr ice of whea t grain 
q = price of ferti l izer ni t rogen. 
From E q . (6) it follows t h a t 
From E q s (3) and (7): 
d y 
d F n (7) 
F n (eco) 
— dSn 
2C 
Put t ing in t h e values of b, с and d: 
F n (eco) = 162 — 5.30 P R - 31.7 Sn 
q 
where P R = price ratio, i.e. — 
(8) 
( 9 ) 
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Here Fn (eco) is t h e m o s t p r o f i t a b l e dose of fer t i l izer n i t rogen (kg /ha ) w i t h a soil t e s t v a l u e 
(pe rcen tage o rgan i c c a r b o n ) of Sn a n d a price r a t i o of P R . This dose is to be r e c o m m e n d e d 
for m a x i m u m p r o f i t pe r hec t a r e as compared to f e r t i l i z e r use. 
H o w e v e r , w h e n a l imi ted a m o u n t of capi tal cou ld b e a l t e rna t i ve ly u sed for o ther f a r m i n g 
or n o n - f a r m i n g p u r p o s e s , t he " d e s i r e d r e tu rn per l a s t r u p e e of i n v e s t m e n t " in fer t i l izer be -
comes an i m p o r t a n t cr i ter ion for m a k i n g fert i l izer r e c o m m e n d a t i o n s . U n d e r such c o n d i t i o n s : 
p / IY = D R X q r i F n (10) 
where D R = des i red marg ina l r e t u r n s on i n v e s t m e n t in fer t i l izers . 
F r o m E q s (3) a n d (10), 
b ( P R X D R ) — dSn 
F n ( e c o ) D R = — (11) 
q 
where P R pr ice r a t i o , i.e. , as de f ined earl ier . 
P 
P u t t i n g in the v a l u e s of b , с a n d d : 
F n ( e c o ) D R = 162 — 5.30 P R x D R — 31.7 Sn (12) 
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S T U D I E S ON B I O C L I M A T O L O G Y O F R I C E 
Al though rice is considered to be a t ropical or sub-tropical crop, the best rice yields are 
obtained in t e m p e r a t e regions (DE DATTA 1973). In tropical areas only a few m a j o r s tud ies 
on cl imatology have been carr ied ou t . However, f r o m the available r epor t s it can be a s sumed 
t h a t the p r o d u c t i v i t y of a crop t h a t is well-fertil ized and supplied w i t h sufficient w a t e r would 
be mainly d e t e r m i n e d by the c l imate . Under t h e s e circumstances i t would be necessary to 
identify the c l imat ic parameters mos t conducive to the proper g rowth and deve lopmen t of 
rice. Since t h e r e is not much in fo rmat ion ava i lab le on the response of water m a n a g e m e n t 
in different pe r iods of the year th i s aspect was also included in t he s tudy . 
The e x p e r i m e n t was conduc t ed during 1972 and 1973 at t h e Central Rice Resea rch 
Ins t i tu te , C u t t a c k . There were 18 month ly sowings in the main plot f r o m J a n u a r y to Augus t 
and in December of each year . T h e 3 sowing m o n t h s of September , October , and N o v e m b e r 
were left ou t o n account of the cold damage to t h e crop in these m o n t h s . The water m a n a g e -
ment t r e a t m e n t s consisted of i n t e rmi t t en t i r r iga t ion (0 to 5 cm) a n d cont inuous f lood ing 
(5 to 19 cm) set u p in the s u b p l o t . The four high yielding dwarf var ie t ies Bala, R a t n a , Y i j a y a 
and J a y a n t h i were accommodated in subplots. T h e exper imenta l design was a split plot w i t h two 
replications. T h e crop was p l an t ed in a spacing of 15 X 10 cm in plots of gross size 3.70 X 2.25m 
and met size 3 . 1 0 x 1 . 9 5 in. 
Meteorological data such as max imum a n d m i n i m u m air t e m p e r a t u r e , sunshine hours 
and relative h u m i d i t y were col lected f rom the meteorological obse rva to ry which is s i tua ted 
very near to t h e exper imental f ie ld . Solar r ad i a t ion was measured b y a solarimeter. T h e soil 
water in ter face t empera tu re of t he paddy field was measured b y inser t ing the b u l b of the 
the rmomete r in the soft wet m u d and reading t h e values at 8 a .m. a n d 2 p.m. E v e n t h o u g h 
4 varieties were grown, for the purpose of w o r k i n g out correlat ion coefficients on ly one 
variety (V i j aya ) was used, since all the var ie t ies showed a un i fo rm t rend in the d i f f e r e n t 
sowings. The en t i r e growth per iod was split u p in to vegetat ive, reproduct ive and r ipen ing 
phases and t h e growth a t t r i b u t e s were cor re la ted with the meteorological condi t ions ex-
perienced b y t h e crop during t h a t part icular p e r i o d . 
Plant height. The da ta presented in Table 1 revealed t h a t an increase in p lan t he ight 
was observed as the sowing m o n t h advanced f r o m J a n u a r y to J u n e a n d decreased t h e r e a f t e r , 
reaching a m i n i m u m in the December sowing. T h e va r ie ty Vi jaya h a d the m a x i m u m he igh t 
recorded, fo l lowed by Ra tna , J a y a n t h i and Bala (Table 2). More he igh t has been recorded 
with cont inuous flooding than w i t h in te rmi t ten t i r r iga t ion because of t h e influence of s t a n d i n g 
water in increas ing the height (IRRI 1968) due to t h e elongation of t h e internodes. 
The d a t a on height a t d i f f e ren t stages and m i n i m u m air t e m p e r a t u r e at the vege t a t i ve 
phase showed t h a t the height a t pref lowering s t ages was greater when the night air t e m p e r -
a ture during t h e vegetat ive phase was higher. T h e correlat ion coeff icients also showed t h a t the 
height of the p l a n t was posit ively correlated wi th t h e min imum air t empe ra tu r e (r = 0.6564**) 
a t the vege t a t i ve phase. Min imum soil water i n t e r f ace t empera tu re also increased the he ight 
significantly (r = 0.5768*). Such increases in h e i g h t were also r epor t ed by SATO (1972) and 
OSADA et al. (1973) which migh t be a t t r ibu ted to t h e increased n u t r i e n t up take due to high 
t empera tu re (CHID et al. 1960). 
Solar r ad i a t ion negatively influenced the he igh t , especially a t the reproduct ive phase 
(—0.5665*) a n d the ripening phase (—0.5488*). T h e limited supply of l ight to the base of the 
p l an t at la ter s t ages consequent on mu tua l shading m i g h t have led to an elongation of t h e lower 
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1972 Sowing Months 1973 
• • Active tillering д — û Flowering » « 15 days after flowering 
Max. tittering о ° Harvest 
Fig. 1. P l a n t he ight a t d i f f e r e n t stages ( V i j a y a ) 
Table 1 
Growth attributes as influenced by sowing 
Sowing months 
Height 
(cm) 
LAI at 
lowering 
D r y m a t t e r 
p roduc t ion a t 
f lowering (kg/ha) 
1972 
J a n u a r y 87.0 5.01 7104 
F e b r u a r y 84.7 4.46 6521 
M a r c h 86.1 4.81 7068 
Apr i l 95.1 5.14 6687 
May 99.0 6.29 5603 
J u n e 101.6 6.91 6119 
J u l y 92.3 5.59 6695 
A u g u s t 88.3 6.63 7502 
D e c e m b e r 81.2 5.23 6 7 3 3 
1975 
J a n u a r y 90.1 4.95 7530 
F e b r u a r y 91.9 5.52 7508 
March 90.3 4.96 7389 
Apri l 97.5 5.54 7139 
May 100.9 7.35 6709 
J u n e 101.2 6.53 6347 
J u l y 98.7 5.82 7302 
A u g u s t 90.4 5.05 7891 
December 87.9 5.47 6984 
CD for compar i son 
of sowings 1.97** 0.35** 53** 
** S ign i f i can t a t 1% level 
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Table 2 
Growth attributes as influenced by varieties and water management 
Varieties W a t e r management 
Attr ibutes 
Bala R a t n a Vijaya J a y a n t h i c.n. I n t e r m i t t e n t 
i r r igat ion 
Continuous 
flooding 
C.D. 
Heigh t 88.4 92.0 98.5 90.9 1.02** 90.2 94.7 0 .60** 
L A I 4.45 5.48 6.51 6.07 0.16** 5.82 5.44 0 .12** 
D r y m a t t e r 
p roduc t ion 5866 7333 7097 7444 21** 7030 6840 16** 
** S ign i f i can t a t 1 % l eve l 
Table 3 
Partial correlation coefficients 
between height at harvest (factor 1 ) 
with sunshine hours (factor 2) 
and the mean relative humidity (factor 3) 
during the vegetative, reproductive 
and ripening phases of Vijaya 
Factors r -value 
12 - 0 . 7 8 8 4 * * 
13 0.6358** 
23 — 0.8769** 
12.3 0.6223** 
13.2 — 0.1878 
** S ign i f i can t a t 1 % l eve l 
Harvest 
15 days after flowering 
Active tillering 
Max. tillering 
Flowering 
M A My J Jy Au D J F M A My J Jy Au D 
1972 Sowing Months 1973 
Fig. 2. L A I a t d i f f e r en t s tages (V i j aya ) 
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J F M A My J Jy Au D J F M A My J Jy Au D 
1972 Sowing Months 1973 
Fig. 3. M i n i m u m air and soil w a t e r in ter face t e m p e r a t u r e a t d i f f e r e n t phases ( V i j a y a ) 
Veg. phase 
Rep. phase 
phase 
1972 Sowing months 1973 
•—«-—• Active tillering д—Д Flowering »—«—«15 days after flowering 
t - - . - - « Maximum tillering о—о—о Harvest 
Fig. 4. T i l l e r s a t d i f fe ren t s t ages (Vi jaya) 
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п-о-о Intermittent irrigation - • • Continuous flooding 
Fig. 5. Tillers a t f l o w e r i n g as in f luenced b y wa te r m a n a g e m e n t prac t ices 
0 1 I I I I I 1 I I 1 1 | 1 1 I | Г 
J F M A My J Jy Au D J F M A My J Jy Au D 
1972 Sowing months 1973 
Fig. 6. T o t a l sunsh ine hours a n d solar r a d i a t i o n dur ing d i f f e r en t g r o w t h phases ( V i j a y a ) 
600 
35000 -
5000 
800 
25000 -
in te rnodes . T h i s w a s p robab ly a n a d a p t a t i o n of t h e p l a n t unde r low l igh t cond i t ions d u r i n g 
t h e monsoon season. GHOSH (1961) and TANAKA et al. (1966) c o r r o b o r a t e d these f i nd ings . 
E v e n t h o u g h p l a n t he ight a t h a r v e s t w a s pos i t ive ly cor re la ted w i th r e l a t i v e h u m i d i t y (0.6358**), 
t he par t ia l co r re l a t ion coeff ic ients ca lcu la ted (Tab le 3) showed t h a t w h e n t he effect of sunsh ine 
hou r s was e l i m i n a t e d the co r re l a t ion be tween h e i g h t and relat ive h u m i d i t y not on ly b e c a m e 
non-s ign i f i can t b u t also changed i t s sign f r o m pos i t i ve to nega t ive . T h u s re la t ive h u m i d i t y 
per se h a d no in f luence on t he h e i g h t of p l an t s . T h i s is f u r t h e r p r o v e d by the close n e g a t i v e 
cor re la t ion of sunsh ine hours w i t h re la t ive h u m i d i t y . 
Leaf area index (LAI) at floitering. L A I a t f lower ing was m a x i m u m for t he M a y a n d 
J u n e sowings a n d lowest in the D e c e m b e r and J a n u a r y sowings (Tab le 1). F igure 2 s h o w s t h a t 
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L A I d u r i n g t h e f i r s t 3 s t a g e s was m a x i m u m in the wet season sowings of May a n d J u n e a n d 
m i n i m u m in t h e D e c e m b e r a n d J a n u a r y sowings , whereas L A I a t t h e r ep roduc t ive a n d r ipen ing 
phases showed a reverse p h e n o m e n o n , w h e r e i n t he lowest L A I w a s recorded in t h e M a y / J u n e 
sowings in b o t h years . T h i s decrease was p r o b a b l y due to t he d e a t h of m a n y leaves c o n s e q u e n t 
on m u t u a l shad ing . T h e i n t e r m i t t e n t i r r iga t ion gave a s ign i f i can t ly h igher L A I t h a n c o n t i n u o u s 
f lood ing (Tab le 2). Th i s m i g h t be due to t h e h igher n u m b e r of t i l le rs p roduced in i n t e r m i t t e n t 
i r r iga t ion p l o t s (Fig. 5) in m o s t of the sowings . Since LAI is t h e in t eg ra l of t i l ler n u m b e r , leaf 
per hill a n d t he size of l e aves , i t is mos t l y d e t e r m i n e d by t i l ler n u m b e r (TANAKA et al. 1964), 
since t h e n u m b e r of l eaves o n a tiller is c o n s t a n t . The va r i e t a l d i f f e rences (Table 2) show t h a t 
V i j a y a gave t he h ighes t L A I , fol lowed by J a y a n t h i , R a t n a a n d B a l a . T h e corre la t ion coef f ic ien t s 
ca lcu la ted be tween t he L A I of V i j a y a a t f l ower ing and va r ious meteoro log ica l e l e m e n t s showed 
t h a t t h i s c h a r a c t e r w a s n e g a t i v e l y co r re l a t ed wi th solar r a d i a t i o n dur ing t he v e g e t a t i v e 
phase ( — 0.5877*) a n d t h e r e p r o d u c t i v e p h a s e (—0.5458*), t h e r e b y br ing ing o u t t he fac t 
t h a t more l ight helped to r e d u c e t he L A I a n d vice versa . 
Tiller production. T h e t i l ler p r o d u c t i o n a t d i f fe ren t s t a g e s as inf luenced b y t h e sowing 
m o n t h s for V i j a y a (Fig . 4) shows t h a t t h e t o t a l tillers a t t h e a c t i v e and m a x i m u m ti l lering 
s tages were lower in t h e D e c e m b e r and J a n u a r y sowings a n d a t a m a x i m u m in t h e J u n e and 
J u l y sowings . This low p r o d u c t i o n m a y be d u e to the law m i n i m u m t e m p e r a t u r e a t t h e vege ta -
t ive phase (Fig . 3), as r e p o r t e d by VERGARA (1970). I t can also b e seen t h a t t he t i l ler n u m b e r 
decreased f r o m the m a x i m u m ti l ler ing s t age o n w a r d s to a g r e a t e r e x t e n t in the J u n e a n d J u l y 
sowings. P o o r light c o n d i t i o n s a t the r e p r o d u c t i v e and r i p e n i n g p h a s e s (Fig. 6) a c c o m p a n i e d 
b y a c o m p a r a t i v e l y high n i g h t t e m p e r a t u r e m i g h t have led t o less n e t p h o t o s y n t h e s i s , resul t -
ing in more dea th s a m o n g t h e tillers (TANAKA et al. 1964) a f t e r t h i s s tage. 
Dry matter production at flowering. M a x i m u m d r y m a t t e r p roduc t ion w a s o b t a i n e d 
in t he A u g u s t sowing ( T a b l e 1), followed b y t h e J a n u a r y sowing in b o t h the years . I n t e r m i t t e n t 
i r r iga t ion p lo t s were s u p e r i o r in d ry m a t t e r p r o d u c t i o n because of t h e higher n u m b e r of t i l lers 
in those p lo t s in mos t of t h e sowings (Fig . 5). The re is n o t m u c h numer i ca l d i f f e rence in d ry 
m a t t e r p r o d u c t i o n b e t w e e n 3 of t he va r i e t i e s , J a y a n t h i , R a t n a a n d V i j a y a , t h o u g h t h e lowest 
d ry m a t t e r p roduc t i on w a s recorded in B a l a , because of i t s s h o r t n e s s compared to t h e o t h e r 
cu l t iva rs . F r o m an e x a m i n a t i o n of d ry m a t t e r p roduc t ion a n d t i l le r p roduc t i on a t f lower ing 
(Fig. 4) i t could be seen t h a t t h e fo rmer fo l lowed more or less t h e s a m e p a t t e r n as t h a t of the 
l a t t e r . T h e m i n i m u m t e m p e r a t u r e dur ing t h e r ep roduc t ive p h a s e w a s lowest in t h e A u g u s t 
sowing (F ig . 3), r esu l t ing in t he lowest r e sp i r a t ion and m o r e p h o t o s y n t h e t i c a c c u m u l a t i o n , 
leading to h igh dry m a t t e r p r o d u c t i o n a t f l ower ing . The lowes t d r y m a t t e r p r o d u c t i o n in the 
May a n d J u n e sowings m i g h t be a t t r i b u t e d to t he lowest t i l le r n u m b e r a t f l ower ing (Fig . 4) 
in these sowings. 
A c k n o w l e d g e m e n t s 
T h e Senior a u t h o r is t h a n k f u l to t he I C A R , for a w a r d i n g h i m a senior fe l lowship for the 
c o n d u c t of th i s s tudy . T h e a u t h o r s are g r a t e f u l to Dr. S. Y. P a d m a n a b h a n , D i r ec to r , Cent ra l 
Rice R e s e a r c h I n s t i t u t e , C u t t a c k for t he k e e n in te res t ev inced a n d t h e facil i t ies p r o v i d e d lor 
this i nves t iga t ion . 
* 
P r e p a r e d a t t he C e n t r a l Rice R e s e a r c h In s t i t u t e , C u t t a c k - 6 
O . SREEDHARAN, V . K . VAMADEVAN 
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E F F E C T O F T E M P E R A T U R E O N T H E P H Y S I O L O G Y A N D B I O C H E M I S T R Y 
O F G E R M I N A T I N G S E E D S O F PHASEOLUS AUREUS R O X B . 
T e m p e r a t u r e p l a y s a cri t ical role in seed g e r m i n a t i o n . A l though it is r e s t r i c t e d to ear ly 
i m b i b i t i o n , i t is b e t t e r expressed l a t e r d u r i n g seedling d e v e l o p m e n t . T e m p e r a t u r e has a d i rect 
e f f e c t on g e r m i n a t i o n a n d d o r m a n c y a n d an indi rec t e f fec t on f u t u r e d e v e l o p m e n t (WENT 
1953). T e m p e r a t u r e also a f fec ts t he seed l eacha te c o m p o s i t i o n , which h a s b e e n suggested as 
p r o v i d i n g a r o u g h e s t i m a t i o n of seed v i a b i l i t y (ABDUL BAKI—ANDERSON 1970, HAYMAN et al. 
1960, SCHROTH 1966, TAKAYANAGI—MUNAKANI 1968). M a n y cr i ter ia h a v e b e e n p u t f o rward 
f o r j u d g i n g t he b e t t e r ge rminab i l i t y a n d v igour of seeds. T h e s e were p r i m a r i l y based on t he 
t i m e sequence of m e t a b o l i c even t s (FRENCH 1959, GRABE 1964, WOODSTOCK 1969) and on t he 
g e r m i n a t i o n b e h a v i o u r a n d ex t e rna l m o r p h o l o g y of seedl ings (MACGUIRE 1962, SHIBLES— 
MACDONALD 1962, WOODSTOCK 1969). T h e pu rpose of t h i s inves t iga t ion w a s t o de te rmine t he 
o p t i m u m t e m p e r a t u r e condi t ions fo r g e t t i n g t he bes t seedl ing g rowth of m u n g a n d also to tes t 
t h e va l id i ty of m o b i l i z a t i o n ef f ic iency (SRIVASTAVA— KOONEK 1972) as A c r i t e r ion for t es t ing 
seedl ing v igour . A l t h o u g h this s t u d y u t i l i zed m u n g b e a n s , t he f ind ings m a y be appl icable 
t o o t h e r seeds too . 
H e a l t h y seeds of Phaseolus aureus R o x b . , c u l t i v a r 24—2, were s u r f a c e steri l ized w i th 
0 . 1 % mercur ic ch lo r ide for 2 min a n d t h o r o u g h l y w a s h e d w i t h distilled w a t e r before p lan t ing . 
G e r m i n a t i o n t o o k p lace in the d a r k , u n d e r steri l ized cond i t i ons , in Pe t r i d i shes (13 c m x l 3 cm) 
l ined wi th f i l t e r p a p e r mois tened w i t h 15 ml of an a n t i b i o t i c solution (Pen ic i l l in -f S t rep to-
m y c i n 50 ftg/ml s te r i l ized wa te r ) as t h e imbib ing m e d i u m . T e m p e r a t u r e s of 20°, 30°, 35°, 
a n d 40 °C were con t ro l l ed in i n c u b a t o r s (0—50°C range ) . T h e e x p e r i m e n t s were rep l ica ted 
t h r e e t imes w i t h 100 seeds per r ep l i ca te . 
Weighed seeds were p u t on m o i s t e n e d f i l ter p a p e r in Pe t r i dishes t o i m b i b e wa te r for 
6 h r . Af t e r i m b i b i t i o n the seeds were r ewe ighed a f t e r t h e b l o t t i n g of s u r f a c e mois tu re . T h e 
imb ib i t i on p e r c e n t a g e was ca lcula ted on t h e basis of or ig ina l weight . Seed g e r m i n a t i o n was re-
Acta Agronomica Acatlemiae Scienliarum Hungaricae 27, 1978 
VARIA 42<J 
corded a f t e r 50 hr of incubat ion . Seeds producing a root 3 mm or longer were considered ger-
mina ted . The length of 20 seedlings chosen a t r a n d o m from each repl ica te was m e a s u r e d in 
50 hr old seedlings. 
The dry weight , mobi l iza t ion efficiency, t o t a l nitrogen, p ro te in nitrogen and t o t a l free 
amino acids were determined in excised samples of cotyledons and embryon ic axes a f t e r 50 hr 
of incuba t ion . The dry weight was determined a f t e r drying the samples at 60° f o r 24 hr. 
Mobilization eff iciency was de te rmined by a p p l y i n g the formula: 
increase in the d r y weight 
of embryonic axes 
Mobilization eff ic iency = 100 • — ;
 ;  
decrease in the d r y weight 
of the two co ty ledons 
Fresh samples of cotyledon and axis were t aken for the de te rmina t ion of f ree amino 
acids, and dried samples (dried a t 60°C for 24 h r ) for the de t e rmina t ion of protein a n d to ta l 
ni t rogen. The liquid remaining a f t e r 50 hr of i ncuba t ion was d e c a n t e d from the P e t r i dishes 
under st tr i l ized condit ions, cen t r i fuged at 4000 r . p . m . for 30 min, e v a p o r a t e d for 24 h r in a va-
cuum at 30 + 1°C and the residue dissolved in u p to 5 ml of wa te r . One nd of t he a l iquots 
f rom these samples was used to determine the t o t a l nitrogen. 
The to ta l ni t rcgen and pro te in in the dr ied mater ia l were de te rmined by the s t a n d a r d 
micro K j e l d a h l method (PEACII TRACEY 1955). T h e protein n i t rogen was prec ip i ta ted wi th 
10°
 0 t r ichloroacet ic acid. The f ree amino acids were extracted a t 6°C for 24 hr wi th 25 ml of 
9 0 % ethanol . The residue was washed three- t imes wi th 5 ml e thano l to ensure comple te ex-
t ract ion of the f ree-amino acids. The extracted samples were evapora t ed to dryness in a v a c u u m 
desiccator a t 32 + 1°C. These dried amino acid samples were m a d e u p to 1 ml v o l u m e with 
9 0 % e thanol . Amino acid separa t ion was done b y t he two-dimensional paper c h r o m a t o g r a p h y 
method , using phenol s a tu r a t ed wi th water (4 : 1) in an ammoniaca l a tmosphere as t he f irs t 
solvent and n -bu tano l : acetic acid : water (4 : 1 : 5) as the second so lven t . The ch roma tog rams 
were dried a t 32 + 1°C for 24 hr and sprayed w i t h 0 .2% n inhydr in . The sprayed ch roma to -
grams were incuba ted at 60°C for 30 min to deve lop the colour. T h e quant i t a t ive e s t ima t ion 
of amino acids was done by dens i tomet ry (THOMPSON—STEWARD 1951). The actual q u a n t i t y 
of amino acids in mg was ca lcula ted by compar i son with the s t a n d a r d curve. 
There was an overall increase in imbibi t ion , germination a n d seedling growth w i t h the 
increase in t e m p e r a t u r e f rom 20°C to 35°C, fol lowed b y a decrease a t 40°C (Fig. 1). T h e resul ts 
(Fig. 1) indica ted the m a x i m u m loss in dry we igh t as compared t o t he control (Table 1) in 
the cotyledon a t 35°C, and the min imum at 20°C. The loss in co ty ledon dry weight coincided 
with the m a x i m u m increase in axis dry weight a t 35°C and the m i n i m u m at 20°C. The mobil iza-
tion eff iciency was lowest a t 20°C and highest be tween 30—35°C. T h e max imum loss of to ta l 
nitrogen in the cotyledons was recorded at 35°C, while their m a x i m u m accumulat ion in the 
axis was a t 30—35°C. The ni t rogen composition in t he diffusate was greater at 20°C a n d 40°C 
than a t 30°C and 35°C. The m a x i m u m accumula t ion of protein n i t rogen in the co ty ledons 
and the m i n i m u m in the axes was recorded at 20°C. At 35°C the p ro te in nitrogen decreased 
most in the cotyledons and increased most in t h e axes (Fig. 1). 
The f ree-amino aeid s t a t u s in the seeds a t a n y stage reflects t h e ex ten t or degree of pro-
tein hydrolys is in the cotyledons and the mobi l iza t ion to the axes, as has also been demon-
s t ra ted in Phaseolus lunatus (ABDUL BAKI— SRIVASTAVA 1973). T h e m a x i m u m accumula t i on 
of f ree-amino acids in the coty ledons was recorded a t 35°C, which was only slightly m o r e t han 
at 20°C, 30°C or 40°C. E m b r y o n i c axes, on the o t h e r hand , registered a m a x i m u m accumula t ion 
of f ree-amino acids at 30°C, less a t 35°C and t he lowest at 20°C a n d 40°C (Fig. 1). T h e da ta 
on the accumula t ion of indiv idual amino acids are shown in Table 2. The cotyledons showed 
m a x i m u m accumula t ion of th reon ine and leucine + isoleucine a t 30°C and 35°C. E m b r y o n i c 
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Fig. 1. E f f e c t of d i f f e r e n t t e m p e r a t u r e s on var ious g e r m i n a t i o n p a r a m e t e r s and b iochemica l 
e v e n t s in g e r m i n a t i n g seeds of Phaseolus aureus R o x b . 
Table 1 
Chemical analysis and dry weight (mg/100 seed parts) of cotyledons 
and embryonic axes excised from the seeds before imbibition 
Character 
Excised eed pa r t s 
Cotyledons Axes 
D r y we igh t 2050 ± 10 50 ± 2 
T o t a l n i t rogen 91 =H 3 4 ± 0.5 
P r o t e i n ni trogen 88 ± 2 2 ± 0.5 
T o t a l f ree-amino acid 1.Í ± 0.2 1.2 ± 0.1 
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Table 2 
Free-amino acids (mg/100 seedling parts) in cotyledon pairs 
and embryonic axes of Phaseolus aureus seeds at different temperatures 
Amino acids 
Cotyledon/axes Tempera tu r e (°C) 
Before 
imbibition 
50 hours a f t e r germination 
20 30 35 40 
Aspar t i c acid 0.11/0.07 0.90/0.90 0.37/1.10 0.47/0.30 0.35/0.22 
G l u t a m i c acid 0.08/0.01 0.06/0.15 0.02/0.05 0.01/0.01 0.01/0.15 
Aspa rag ine 0.36/0.09 0.07/0.61 0.06/3.10 0.07/1.50 0.25/0.15 
Glycine + Serine 0.19/0.04 0.04/0.04 0.08/3.20 0.06/0.21 0.03/0.04 
Alanine 0.06/0.14 0.01/0.03 0.02/0.04 0.03/0.15 0.02/0.02 
T h r e o n i n e 0.04/0.005 1.20/1.50 1.60/3.70 1.50/2.50 0.02/0.05 
Tyros ine 0.00/0.00 0.77/0.17 0.75/4.00 0.77/2.20 0.40/1.40 
Prol ine 0.39/0.00 0.77/0.77 0.77/0.30 0.77/2.20 1.07/1.60 
Val ine + Methionine 0.14/0.17 1.40/2.20 0.54/4.50 2.50/3.70 2.30/2.50 
a - A m i n o b u t y r i c acid 0.16/0.01 0.08/1.10 0.04/2.20 0.04/0.44 0.07/0.07 
P h e n y l a l a n i n e 0.05/0.04 0.00/2.00 0.00/0.00 0.00/0.00 0.00/0.90 
Leucine + Isoleucine 0.16/0.00 2.50/2.60 3.20/4.50 2.90/3.70 2.10/1.80 
Arginine -f- Lysine 0.001/0.08 0.004/0.008 0.95/0.90 0.95/2.10 0.05/0.00 
G l u t a m i n e (0.0) 0.00/0.00 0.00/0.00 0.00/0.12 0.02/0.03 0.00/0.00 
a -Alan ine (0.0) 0.00/0.00 0.01/0.00 0.00/0.34 0.00/0.08 0.02/0.00 
axes, on t h e o t h e r h a n d , showed the m a x i m u m concen t r a t i ons of va l ine + m e t h i o n i n e , a spa ra -
gine, g lyc ine + serine, t h r e o n i n e , t y ro s ine , leucine -j- i soleucine a t 30°C a n d 35°C. A sha rp 
increase in seedling l e n g t h w a s observed a t t e m p e r a t u r e s b e t w e e n 20°C a n d 30°C followed 
wi th a s l igh t increase a t 35°C and a decrease a t 40°C (Fig. 1). 
T h e t e m p e r a t u r e p l a y s a n i m p o r t a n t role in regula t ing t h e v a r i o u s physiological processes, 
f r o m t h e ea r ly hours of i m b i b i t i o n to t he g e r m i n a t i o n and g r o w t h of the p l a n t s (HOVELAND— 
ELKINS 1 9 6 5 , POLLOCK- TOOLE 1966, POLLOCK 1969 , POLLOCK et al. 1969) . B o t h t h e p e r c e n t a g e 
imb ib i t i on a n d the p e r c e n t a g e ge rmina t i on increased wi th a n increase in t e m p e r a t u r e f r o m 
20°C to 35°C. This m a y poss ib ly be b e c a u s e of the increased p e r m e a b i l i t y of t h e seed coat 
f r o m t h e v e r y beginning of imbib i t ion til l g e r m i n a t i o n , c o n f i r m i n g t h a t t he t e m p e r a t u r e of 
i m b i b i t i o n a f fec t s g e r m i n a t i o n (POLLOCK TOOLE 1966). 
T h e m a x i m u m mob i l i z a t i on e f f i c iency a t t e m p e r a t u r e s of 30°C a n d 35°C cor responds 
wi th t h e m a x i m u m g e r m i n a t i o n pe rcen tage a t 50 hours . T h e mobi l i za t ion e f f i c i ency a t 20°C 
and 40°C w a s qui te low, pa ra l l e l wi th t he p o o r ge rmina t ion b e h a v i o u r a t these t e m p e r a t u r e s . 
The lower mobi l iza t ion e f f i c i ency a t 20°C a n d 40°C m a y be t h e r e su l t of slow m e t a b o l i c pro-
cesses, pa ra l l e l wi th cell d iv is ion and cell e longa t ion in t he ax i s , which is s u p p o r t e d by our 
f i nd ings w i t h regard to t h e changes in d r y w e i g h t , relative a m o u n t s of p ro te in n i t r o g e n , t o t a l 
n i t rogen a n d f ree-amino ac ids in the c o t y l e d o n s and axes (Fig . 1, T a b l e 2). T h e lower mobil iza-
t ion e f f i c i ency a t 20°C a n d 40°C can also be accounted for b y increased m e m b r a n e perme-
abi l i ty t o me tabo l i t e s b y m e a n s of its d e s t r u c t i o n , t h u s r e c o r d i n g the i r r e l a t ive ly h igh con-
c e n t r a t i o n in t he l eacha te a s compared t o t h o s e collected a t 30°C a n d 35°C. 
T h e presence of m a x i m u m a m o u n t s of t h reon ine a n d l euc ine + isoleucine in t h e coty-
ledons a t 30°C and 35°C ( T a b l e 2) sugges ts t h a t t hey are r e l eased in g rea te r q u a n t i t y a f t e r 
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pro t e in hydrolys is . T h e i r presence in t h e axes in a h igher q u a n t i t y suggests t h e i r r a p i d mobil iza-
t i o n and low u t i l i z a t i o n in syn thes i s . T h e presence of va l ine + m e t h i o n i n e , asparagine , 
g lycine -j- serine a n d ty ros ine in t h e a x e s in a q u a n t i t y h i g h e r t h a n in t h e c o t y l e d o n s a t 30°C 
a n d 35°C (Table 2) also sugges ts t he poss ib i l i ty of the i r g r e a t e r mobi l iza t ion f r o m t h e coty ledons 
to t he axes. The h igh a m o u n t of a s p a r a g i n e in the axes a t 30°C and 35°C sugges t s the possi-
b i l i ty of reduced a m m o n i a tox ic i ty b y m e a n s of its i n c o r p o r a t i o n in the s y n t h e s i s of asparag ine 
f r o m aspar t i c ac id . 
When g e r m i n a t i o n a n d seedl ing g r o w t h are co r re l a t ed w i th the phys io log ica l and bio-
chemica l p a r a m e t e r s u sed in th is s t u d y , i t becomes e v i d e n t t h a t the m o b i l i z a t i o n eff ic iency, 
w h i c h is the r e s u l t a n t o u t c o m e of all t h e b iochemical t r a n s f o r m a t i o n s , can give a real evalu-
a t i o n of seedling v igour . T h e b e t t e r mobi l i za t ion e f f i c iency a t 30°C and 35°C was in good 
a g r e e m e n t wi th t h e b e t t e r seed g e r m i n a t i o n and seedl ing d e v e l o p m e n t . 
These d a t a s u p p o r t t he h y p o t h e s i s p resen ted ear l ier b y the a u t h o r s (SRIVASTAVA -
KOONER 1972) t h a t t he mob i l i za t ion e f f i c i ency m a y p rov ide an addi t iona l c r i t e r ion f o r j u d g i n g 
seed vigour . 
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T H E E F F E C T O F F O L I A R S P R A Y W I T H U R E A A N D A M M O N I U M 
N I T R A T E ON G R O W T H , Y I E L D , Y I E L D C O M P O N E N T S A N D SOME 
C H E M I C A L C H A R A C T E R I S T I C S O F M A I Z E ( Z E A MAYS, L.) 
In the A r a b Repub l i c of E g y p t maize is considered as one of the main cereal crops a n d 
is cu l t iva ted to face the increas ing d e m a n d by t h e p o p u l a t i o n for food. T h e possibil i ty of a d d i n g 
more land to t h e arable a rea is l imi ted . There fore , a ver t i ca l expans ion in agr icul ture , wh ich 
can be p e r f o r m e d by several m e a n s such as fe r t i l i za t ion , is v e r y necessary . Unde r local con-
dit ions, maize p roved to r e s p o n d well to n i t r ogenous fer t i l izers . T h e p a t t e r n of g rowth a n d 
nu t r i en t u p t a k e by maize p l a n t s as af fec ted b y N app l ica t ion has been s tudied by m a n y in -
ves t iga tors . HAY et al. (1953) r e p o r t e d t h a t dur ing gra in d e v e l o p m e n t in maize , a p p r o x i m a t e l y 
60° of t h e t o t a l N in the gra in is t r ans loca ted f r o m the vege t a t i ve organs . This f inding con -
f i rms the i m p o r t a n c e of a d d i n g N to maize p l a n t s before tassel l ing. KLINGMAN (1957) s t a t e d 
t h a t the app l i ca t ion of 40 lb /ac re u rea or a m m o n i u m n i t r a t e gave the same maize yield as 80 
lb/acre. VERMA- SINGH (1971) f o u n d t h a t an increase in N app l ica t ion f r o m 0 to 150 kg N / h a 
increased t h e ave rage grain yield f r o m 0.97 to 3.07 t / h a , while a f u r t h e r increase in N app l i ca -
tion decreased t h e grain yie ld . CHAN et al. (1972) r e p o r t e d t h a t N app l ica t ion dur ing the v e g e -
ta t ive per iod increased the d r y m a t t e r yield per p l a n t . KRZYSCH—EBERHARDT (1960) r e p o r t e d 
t h a t urea can he fol iar s p r a y e d on field crops w i t h o u t caus ing any h a r m f u l effect . WEISS 
(1967) r e p o r t e d t h a t foliar s p r a y i n g wi th N on maize p l a n t s h a d no effect on the maize y ie ld . 
I 'so—HUSSIEN (1968) s t a t ed t h a t foliar sp ray ing w i th u rea s ign i f ican t ly increased the ma ize 
yield as c o m p a r e d wi th the unfe r t i l i zed t r e a t m e n t . On t h e o t h e r h a n d , foliar spraying w i t h 
a m m o n i u m n i t r a t e in the s a m e equ iva len t concen t r a t i on showed h a r m f u l e f fec ts on the p l a n t 
leaves and s ign i f i can t ly decreased the maize yield. F r o m the average of th ree years of exper i -
ments , KÁPOSZTA (1969) r e p o r t e d t h a t foliar fe r t i l i za t ion w i th u rea , w h e t h e r on a fer t i l ized 
or non-fer t i l ized hasis , exe r t ed no reliable yield increas ing ef fec t . Spray ing on a single occasion 
or twice gave prac t ica l ly t h e s a m e results . The leaves of maize p l an t s were highly d a m a g e d 
b y a 2 % urea solut ion, a n d it also negat ive ly a f f ec ted the maize yield. T h e leaf d a m a g i n g 
effect of a 1 . 5 % urea solut ion was less. 
This s t u d y was p e r f o r m e d to inves t iga te t h e e f fec t of fol iar sp ray ing wi th u rea a n d 
a m m o n i u m n i t r a t e on g r o w t h , yield, yield c o m p o n e n t s and some chemical charac te r i s t i cs 
of maize (Zea mays, L.) u n d e r the e n v i r o n m e n t a l condi t ions of El-Minia . T r e a t m e n t s w i t h 
N as soil app l i ca t ion have b e e n involved. 
A field e x p e r i m e n t was conduc ted du r ing t h e 1972 a n d 1973 seasons a t the E x p e r i -
menta l F a r m of the F a c u l t y of Agr icul ture , El-Minia Un ive r s i t y . A comple te ly r a n d o m i z e d 
technique w i th 8 t r e a t m e n t s t o g e t h e r with a cont ro l rep l ica ted 4 t imes was adop ted for t h i s 
s tudy . The fer t i l izer t r e a t m e n t s s tudied were as fol lows: 
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Table 1 
Mechanical and chemical 
Depth, pH E.C. O.M. Total CaCO, C.E.C. 
cm (1 : 2.5) mnihos / or N % % me/100 g soil 
0 - 2 0 7.90 1.69 1.72 0.082 2.16 39.95 
1. Control . 
2. Foliar s p r a y i n g with 1 % u r e a solut ion a t t h e r a t e of 48 kg N / h a (U,) . 
3. Foliar s p r a y i n g wi th 1 % u r e a solut ion a t t h e r a t e of 72 kg N / h a (U2). 
4. Foliar s p r a y i n g wi th 1 % u r e a solut ion a t t h e r a t e of 96 kg N / h a (U3) . 
5. Foliar s p r a y i n g with 1 % u r e a solut ion a t t h e r a t e of 120 kg N /ha (IJ4). 
6. Foliar s p r a y i n g with 1 % a m m o n i u m n i t r a t e so lu t ion a t t h e r a t e of 48 kg N / h a (A,) . 
7. Foliar s p r a y i n g with 1 % a m m o n i u m n i t r a t e so lu t ion a t the r a t e of 72 kg N / h a (A„). 
8. Foliar s p r a y i n g wi th 1 % a m m o n i u m n i t r a t e so lu t ion a t t he r a t e of 96 kg N / h a (A3) . 
9. Foliar s p r a y i n g wi th 1 % a m m o n i u m n i t r a t e so lu t ion a t t h e r a t e of 120 kg N / h a (A4). 
T h e f o l i a r spraying w a s c o n d u c t e d twice . One half of t he r equ i r ed so lu t ion w a s s p r a y e d 
before t a s sc l l ing and the o t h e r half was s p r a y e d before silking. 
R e p r e s e n t a t i v e soil s a m p l e s f r o m the s u r f a c e layer of t he e x p e r i m e n t a l f ie ld were air-
dried, s ieved t h r o u g h a 2 - m m sieve and a n a l y z e d for p H , E.C. , o rganic m a t t e r % , t o t a l N % , 
C a C 0 3 % , С .Е .С . , exchangeab le ca t ions , a n d a v a i l a b l e P b y Olsen 's m e t h o d , a n d a m e c h a n i c a l 
analysis wras ca r r ied out . T h e a f o r e - m e n t i o n e d ana lyses were carr ied ou t accord ing to t h e 
m e t h o d s d e s c r i b e d b y P I P E R ( 1 9 5 0 ) , OLSEN et al. ( 1 9 5 4 ) a n d JACKSON ( 1 9 5 8 ) . T h e r e s u l t s 
of soil a n a l y s i s are p resen ted in Tab l e 1. 
The soil w a s p loughed a n d the field w a s r idged 60 cm a p a r t . E a c h p lo t ( 5 X 5 m ) con-
sisted of 8 r o w s 5 m long. T h e ma ize (Zea m a y s , L. ) double cross h y b r i d Giza 67 w a s p l a n t e d 
as Nili p l a n t i n g a t a d i s tance of 50 cm. T h r e e m a i z e grains were c ropped pe r hill. A t t he f ive-
leaf s tage t h e p l a n t s were t h i n n e d to one p l a n t pe r hill. Before h a r v e s t i n g m e a s u r e m e n t s of 
the plant h e i g h t were r eco rded . T h e plots were h a r v e s t e d a t t he end of O c t o b e r a n d t he y ie ld 
and yield c o m p o n e n t s were r e c o r d e d . R e p r e s e n t a t i v e samples of g r o u n d gra ins , straw" a n d cobs 
were wet a s h e d using FGS04 a n d H 2 0 2 . T h e d iges t was f ina l ly used to d e t e r m i n e t he t o t a l 
ni t rogen b y t h e Kje ldah l m e t h o d descr ibed b y CHAPMAN—PRATT (1961). P h o s p h o r u s w a s 
p h o t o m e t r i c a l l y de te rmined acco rd ing to LEPPER (1950). All va lues of yield a n d c h e m i c a l 
analysis w e r e ca lcu la ted on a 1 5 . 5 % mois tu re bas is . All t he d a t a were s t a t i s t i ca l ly a n a l y z e d 
a s d e s c r i b e d b y SNEDECOR ( 1 9 5 6 ) . 
Yield and yield components. The re su l t s of t he e f fec t of fol iar s p r a y i n g w i t h u r e a a n d 
a m m o n i u m n i t r a t e on t he y ie ld and yield c o m p o n e n t s of maize for t he t w o seasons s t u d i e d 
are p re sen t ed in Table 2. The d a t a p roved t h a t t h e maize yield r e s p o n d e d well to fo l iar s p r a y i n g 
with a 1 % u r e a solution a t t h e r a t e of 96 k g N / h a (U3) . W i t h th i s t r e a t m e n t t h e maize yield 
s igni f icant ly increased over t h e cont ro l a n d s h o w e d a yield response of 2 2 . 9 6 % in t he t w o 
seasons s t u d i e d . Foliar s p r a y i n g w i t h the o t h e r u r e a t r e a t m e n t s s tud ied increased t he m a i z e 
yield, b u t t h e increase was in s ign i f i can t . On t h e o t h e r h a n d , fo l iar s p r a y i n g w i th 1 % a m m o -
nium n i t r a t e so lu t ions exe r t ed no reliable y ie ld increas ing e f fec t . T h e maize yield dec reased , 
h u t i n s ign i f i can t ly , a f te r fo l ia r sp ray ing w i t h a m m o n i u m n i t r a t e so lu t ion a t r a t e s of 96 a n d 
120 kg N / h a (A 3 , A4). This m a y he due to t h e h a r m f u l , l e a f - d a m a g i n g ef fec t of th i s so lu t ion 
a t such h i g h r a t e s of app l i ca t i on . These r e s u l t s are in good a g r e e m e n t w i t h those o b t a i n e d 
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analysis of the soil samples 
Exchangeable cat ions 
me/100 g soil 
Avai lable P 
Mechanical analysis 
Texture grade 
N a + K + Ca + + Mg+ + 
p.p. in . 
Sand 
% 
Silt 
% 
Clay 
% 
1.64 2.19 26.70 9.42 12.6 27.1 31.8 41.1 Clay loam 
Table 2 
The effect of foliar spraying with urea and ammonium nitrate on the yield 
and yield components of maize in the 1972 and 1973 seasons 
T r e a t m e n t 
Plant 
height, 
cm 
N u m b e r 
of 
plants* 
Number 
of 
injured 
plants/ 
plot 
N u m b e r 
of 
ba r ren 
p lants / 
p lo t 
Number 
of 
ears/ 
plot 
Yield** 
kg/plot 
Yield 
response, 
0/ 
/ 0 
Ear 
l eng th , 
cm 
Ear 
diam-
eter, 
cm 
1972 
Control 286.3 69.8 0.0 6.5 74.8 13.02 17.50 3.91 
UI 302.0 71.3 0.0 3.5 80.5 14.37 10.37 18.05 4.10 
U . 300.8 69.8 1.0 1 .8 83.0 15.12 16.13 18.58 4.08 
U 3 311.8 68.0 2.0 1 .8 85.8 16.01 22.96 18.93 4.21 
U 4 293.8 69.3 2.5 2 . 8 80.8 13.80 5.99 18.00 3.90 
AT 303.3 69.3 1.8 2.5 80.0 14.12 8.45 17.98 3.98 
A . 298.3 69.8 2.3 1 .8 77.5 13.49 3.61 18.00 4.00 
A 3 290.8 65.8 2.5 2 . 8 75.3 12.82 — 1.54 17.43 3.90 
A4 288.0 66.0 3.0 2.5 71.0 11.83 — 9.14 16.83 3.75 
L.S.D. 5% 21.3 3.8 0.8 3 . 0 5.0 
1973 
3.21 1.10 0.21 
Control 224.3 67.5 0.0 8.8 79.3 12.52 — 16.20 3.49 
u 4 242.3 67.8 1.0 4.8 80.8 13.98 11.66 16.81 3.73 
u 2 243.5 67.5 1.0 2.5 84.0 14.20 13.42 17.32 3.75 
U 3 250.3 69.0 1.8 2.8 83.3 15.35 22.60 18.12 3.73 
U 4 244.0 68.5 2.8 4.0 81.5 13.12 4.49 16.43 3.64 
A4 238.8 67.0 1.8 5.0 79.8 13.64 8.95 16.48 3.70 
A 2 233.5 67.3 2.3 5.5 79.3 13.48 7.67 16.10 3.53 
A 3 230.3 65.5 3.0 6.0 78.0 12.48 - 0 . 3 2 16.32 3.55 
A 4 228.0 66.8 4.0 5.5 74.0 11.10 — 11.34 15.21 3.43 
L.S.D. 5% 20.5 4.3 1.5 3.3 3.8 2.51 1.20 0.16 
1000-
graiii** 
weight, 
g 
301.05 
306.18 
314.25 
316.75 
307.85 
305.50 
305.25 
301.50 
285.81 
12.75 
236.90 
244.71 
256.12 
258.60 
247.28 
249.35 
235.81 
237.10 
222.42 
13.13 
* Plot = 25 m2 
** Calculated on a 15.5% mois ture basis 
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Table ЗЬ 
The effect of foliar spraying with urea and ammonium nitrate on the chemical composition of maize, N-uptake and % N derived 
from foliar fertilization (1973 season) 
T r e a t m e n t s Yield* * 
kg/p lo t 
N 
0/ 
/0 
N - u p t a k e . 
g /p lo t 
N given as 
foliar spray 
Increase in 
N - u p t a k e 
over control , 
g /p lo t 
% N derived 
f rom foliar 
fer t i l izat ion 
p 
% 
P - u p t a k e , 
g/plot 
к 
% 
K - u p t a k e , 
g/plot 
Control gra ins 12.52 1.31 164.01 0.39 48.83 0.13 38.81 
s t r a w 5.96 0.49 29.20 0.11 6.56 0.82 48.87 
cobs 3.24 0.31 10.04 0.04 1.30 0.44 14.26 
To ta l 21.72 203.25 
— 
— 
56.69 101.94 
UR grains 13.98 1.57 219.49 0.42 58.72 0.33 46.13 
s t r aw 6.75 0.51 34.43 0.11 7.43 1.04 70.20 
cobs 3.63 0.33 11.98 0.04 1.45 0.44 15.97 
To ta l 24.36 265.90 116.78 62.65 53.65 67.60 132.30 
U 2 grains 14.20 1.62 230.04 0.41 58.22 0.37 52.54 
s t raw 6.89 0.50 34.45 0.11 7.58 0.97 66.83 
cobs 3.70 0.33 12.21 0.04 1.48 0.44 16.28 
T o t a l 24.79 276.70 178.58 73.45 41.13 67.28 135.65 
U , grains 15.35 1.61 247.14 0.44 67.54 0.39 59.87 
s t r aw 7.49 0.54 40.45 0.13 9.74 1.10 82.39 
cobs 4.01 0.33 13.23 0.05 2.01 0.44 17.64 
To ta l 26.85 300.82 238.10 97.57 40.98 79.29 159.90 
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by I ' s o — H u s s i E N (1968). T h e re la t ive ly high maize yields o b t a i n e d for the control in t h i s 
exper iment m i g h t be due to t h e e f fec t of the p reced ing legume c rop and the high fer t i le po-
tent ia l i ty of t h e expe r imen ta l soil. This is con f i rmed by the resul ts ob ta ined by HAMISSA et al. 
(1971), who f o u n d t h a t ave rage maize yields in Middle E g y p t were a lways higher t h a n those 
in the De l t a . 
P l a n t h e i g h t , n u m b e r of ears per plot, ea r l eng th , ear d i a m e t e r and 1000-grain w e i g h t 
showed t h e s a m e t rend as t h e maize yield. For all t h e a fore - inen t ioned componen t s , a signif-
icant increase was ob ta ined b y fol iar spraying w i t h a 1 % u rea solut ion a t t h e r a t e of 96 kg 
N/ha (U3). On t h e other h a n d , t h e n u m b e r of b a r r e n p l an t s was reduced by foliar f e r t i l i za t ion : 
the decrease w a s s ignif icant a f t e r foliar sp ray ing w i th a 1 % u rea solut ion. W i t h respec t to 
the l e a f -damag ing effect of fo l i a r spraying, t h e general t r e n d of t h e resul ts showed t h a t t h e 
n u m b e r of i n j u r e d p lants inc reased as the ra te of fol iar app l i ca t ion increased, especial ly w i t h 
a m m o n i u m n i t r a t e solut ion. T h e s e results are in good a g r e e m e n t wi th those o b t a i n e d b y 
I 'so— HUSSIEN (1968) and KÁPOSZTA (1969). T h e resul ts revealed no s igni f icant e f fec t of t h e 
t r e a t m e n t s s t u d i e d on the n u m b e r of p lan ts pe r p lo t . 
Chemical composition and N-uptake. T h e e f fec t of foliar sp ray ing wi th u rea and a m m o -
nium n i t r a t e o n the chemical composi t ion of ma ize , the N - u p t a k e a n d the % N der ived f r o m 
foliar fe r t i l i za t ion for the two seasons s tudied are g iven in Tab les 3a a n d 3b. The resul ts r evea led 
t h a t the N , P a n d К % in t h e grains and s t r a w s igni f icant ly increased a f t e r foliar s p r a y i n g 
with a 1 % u r e a solution a t t h e r a t e of 96 kg N / h a (U3) , while in t h e cobs no s igni f icant e f fec t 
w a s r e c o r d e d . LATKOVICS ( 1 9 6 2 ) , HUSSIEN ( 1 9 6 9 ) a n d VERMA et al. ( 1 9 7 2 ) f o u n d t h a t b y in -
creasing t h e n i t rogen fert i l izer levels to maize [ l iants , the N % in the leaves, s ta lks a n d gra ins 
s ignif icant ly increased , b u t in t h e cobs no s ign i f ican t effect was r e m a r k e d . Rega rd ing t h e re-
sults of N- , P - a n d K - u p t a k e , i t is obvious t h a t t h e highest va lues in the seasons s tud ied were 
obta ined b y fo l i a r spraying w i t h a 1 % urea so lu t ion a t the r a t e of 96 kg N /ha (U3), whi le t h e 
lowest va lues were ob ta ined b y fol iar spraying w i t h a 1 % a m m o n i u m n i t r a t e solut ion a t t h e 
ra te of 120 kg N / h a (A,). P- a n d K - u p t a k e were increased b y increas ing N - u p t a k e . These r e su l t s 
are in good a g r e e m e n t wi th t h o s e obta ined by DEBRECZENI (1961), KRÁMER PEKÁRY (1962), 
LATKOVICS (1962) and HUSSIEN (1969), who r e p o r t e d t h a t P- a n d K - u p t a k e are pos i t ive ly 
correlated w i t h N-up t ake . 
I t is w o r t h men t ion ing t h a t the pe rcen tage N der ived f r o m foliar fer t i l iza t ion was re-
duced on inc reas ing the r a t e of N appl ica t ion. W i t h urea t r e a t m e n t s the decrease was f r o m 
49.97 to 1 4 . 4 3 % and f rom 53.65 to 10.94%, respec t ive ly , in the two seasons s tud ied . W i t h 
a m m o n i u m n i t r a t e t r e a t m e n t s t h e decrease was f r o m 44.88 to 0 . 5 6 % and f r o m 46.94 to 0 . 0 % , 
respectively in t h e two seasons s tud ied . This m a y be due to the h a r m f u l effect of foliar s p r a y i n g 
with high N r a t e s on p lant g r o w t h . Also, the inc rease in N - u p t a k e is not p ropor t iona l to t h e 
increase in N app l ied as fo l i a r fe r t i l i za t ion . KRÁMER—PEKÁRY (1962) found t h a t by increas ing 
the ra te of N fert i l izers, t h e pe rcen tage N de r ived b y the p l a n t s decreased f r o m 64 to 7 % , 
however, th i s d i f fers f rom y e a r to year and f r o m one locat ion to ano the r . This is c o n f i r m e d 
by our r e su l t s . 
T h e r e f o r e , according to t h e results o b t a i n e d , foliar sp ray ing wi th a 1 % urea so lu t ion 
at the r a t e of 96 kg N/ha cou ld be r e c o m m e n d e d fo r fert i l izing maize p lan ts . 
* 
P r e p a r e d a t the A g r o n o m y D e p a r t m e n t , F a c u l t y of Agr icu l tu re , El-Minia U n i v e r s i t y , 
El Minia 
T . A . HUSSEIN, L . P . H . HANNA 
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E V A L U A T I O N O F V A R I O U S Z I N C S O U R C E S F O R M A I Z E A N D W H E A T 
A m o n g the m i c r o n u t r i e n t s , Zn is t h e m o s t l imited n u t r i e n t in the soils of t h e world 
(THORNE 1957) and of I n d i a (RANDHAWA TAKKAR 1975). T h e recogni t ion of w i d e s p r e a d Zn 
def ic iency in crops has c r e a t e d considerable i n t e r e s t in ma te r i a l s su i t ab l e for use as Z n fert i l izers . 
A l though soil app l ica t ion of Zn has been f o u n d to he the m o s t e f f i c i en t m e t h o d f o r correct ing 
the de f i c i ency condi t ion (TAKKAR el al. 1974) , y e t wi th t he inc reas ing need f o r Zn in soils, 
more economica l and e q u a l l y effect ive sou rce s of Zn are r e q u i r e d . Keeping t h i s in view the 
present i nves t i ga t i on was u n d e r t a k e n to s t u d y t h e relat ive e f f i c i e n c y of var ious Zn sources for 
maize a n d w h e a t crops in r o t a t i o n . 
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A greenhouse exper iment was conduc ted on a F a t e h p u r loamy sand soil (Ustipsam-
ments) . The soil p H was 8.2 and the electr ical conduct iv i ty 0.2 mmhos/cm in a 1 : 2 soil water 
suspension. The con ten t s of CaCO;i and organic carbon (O.C.) were 0.3 and 0 . 0 6 % , respectively. 
The available phosphorus (Olsen's P) was 10 kg P ,0 5 / ha . T h e available Zn, Cu, Fe and Mn 
(measured by the D I P A method , LINDSAY— NORVELL 1969) were 0.32, 0.40, 4.8 and 6.0 p p m , 
respect ively. Polythene- l ined ear thern p o t s were filled w i t h 3 kg soil, sieved t h rough a 2 m m 
screen. A basal appl ica t ion of 120 p p m N , 60 ppm P 2 0 5 a n d 60 ppm K 2 0 were given to each 
pot . Zinc sulphate ( 2 3 % Zn), zinc ace ta te (29 .8% Zn), zinc oxide (78.0% Zn), zinc dross (90.0% 
Zn), a by -p roduc t of the galvanizing i n d u s t r y , zinc f r i t s ( 1 6 . 0 % Zn), m a n u f a c t u r e d by Ferro 
Coatings and Colours L t d . , Parganas , W . Bengal (India) , a n d NU-spar t in ( 5 . 7 % Zn), a multi-
mic ronu t r i en t compound m a n u f a c t u r e d b y Swati Indus t r i e s Pr ivate L td . , B o m b a y (India) 
were the sources inves t iga ted . Zinc f r o m each source was appl ied at the r a t e of 1.25, 2.5 and 
5.0 p p m Zn. Three repl icat ions were prov ided , in a comple te ly randomized block design. 
Deionized water was used for irr igation. T h e maize va r ie ty Ganga 5 was g rown and harvested 
a f t e r 45 days . The soil of each pot was t h e n dried and screened through a 2 m m sieve to remove 
maize roots . Af ter app ly ing a basal dose of 120 ppm N, 60 p p m P.,05 and 60 p p m K„0. the soils 
were thoroughly mixed on a polythene sheet and pu t b a c k into the same po t s . The residual 
ef fec t of different Zn sources and their Zn levels was s tud ied on wheat va r i e ty W G 357, which 
was grown up to m a t u r i t y . Samples of grain and s t raw were taken. The p l a n t samples were 
washed successively w i t h 0.1 N HCl, dist i l led water and deionized water , a n d oven dried a t 
70°C. The samples were g round in a B r a u n mixer with s ta inless steel blades. T h e samples were 
wet ashed with a H N 0 3 — H 2 S O , H CIO., t e rna ry acid m i x t u r e (9 : 1 : 3). The zinc in the p lan t 
ex t r ac t was es t imated b y atomic abso rp t ion spec t ropho tomet ry . The re la t ive efficiency of 
var ious zinc sources a t d i f ferent rates of Zn application was calculated by t a k i n g zinc sulphate 
as t he s t andard source and equat ing t h e percentage response of zinc su lpha t e to one. The 
Bray ' s percentage yield was worked o u t as follows: 
Yield wi thout Zn application 
Bray ' s pe rcen tage yield = — ; ; — - x l O O 
Yield with o p t i m u m applicat ion 
The Bray ' s percentage u p t a k e was also calculated according to the same f o r m u l a . 
Maize yield and uptake response. T h e results on y ie ld , Z n - u p t a k e and Zn concentrat ion 
in maize are shown in F ig . 1 and Table 1. There was a s ignif icant increase in yield as a result 
of t he applicat ion of all the Zn carriers invest igated. Zinc su lphate and zinc aceta te (highly 
wa t e r soluble sources) a t a 2.5 ppm Zn ra te were s ignif icant ly bet ter t han o t h e r sources, bu t 
at a 5.0 ppm Zn ra te these carriers and also Zn dross (wate r insoluble source) were significantly 
be t t e r t han zinc f r i t s a n d NU-spar t in . T h e maize yield a n d Zn- uptake in t he absence of Zn 
appl ica t ion were 77.4 to 96 .7% and 37.2 to 59.2%, of t he m a x i m u m , respect ively . The rest 
of the yield (3.3 to 22 .6%) and Zn u p t a k e (40.8 to 62.8%,) were a t t r ibu ted to t he differential 
response of maize to Zn applicat ion f r o m various sources. The m a x i m u m increase in yield 
was obta ined f rom the appl icat ion of zinc sulphate, fol lowed by zinc ace t a t e and the least 
wi th zinc fri ts . 
A significant increase in maize yield resulted f rom t h e significant increase in Zn con-
cen t ra t ion in the p l a n t s due to the app l i ca t ion of dif ferent Zn sources (Fig. 1, Table 1). Zinc 
concentra t ion in p l an t s grown in the check pot was 12.3 p p m , whereas wi th Zn application 
it varied f rom 19.0 to 27.8 ppm. This ind ica tes tha t the Zn content of p l a n t s f r o m the check 
pot was lower t h a n t he critical level (20 p p m Zn: JONES 1972, RANDIIAWA--TAKKAH 1975), 
suggesting t h a t the response to Zn appl ica t ion was expec t ed . Also, the m a x i m u m increase 
in Zn u p t a k e (0.34 m g / p o t ) by the maize was obtained f r o m zinc sulphate appl ica t ion and the 
least wi th NU-spar t in (0.13 mg/pot). Th i s shows tha t Zn appl ied as zinc s u l p h a t e was more 
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Fig. 1. D r y m a t t e r yield a n d Z n - u p t a k e b y m a i z e as in f luenced b y sources a n d levels of Zn . 
L S D (yield a n d Zn u p t a k e ) a t 0.05 for source m e a n s , 2.5 a n d 0.08; for levels w i th in sources , 
1.1 a n d 0.14 
Table 1 
Effect of rates of Zn applied from different sources on the Zn concentration, Bray's percentage 
yield and Bray's percentage Zn- uptake in maize 
Sources 
Levels of Zn applied (ppm) 
Bray ' s pe rcen tage B r a y ' s pe rcen tage 
1.25 2.5 5.0 Mean 
yield u p t a k e 
Zn concentration ( p p m ) 
ZnSOj 22.5 27.2 33.7 27.8 77.4 37.2 
(CH 3 COO) 2 Zn 20.8 22.8 29.8 24.5 78.6 43.9 
ZnO 22.2 26.2 33.3 27.2 87.2 43.3 
Zn dross 22.3 29.7 30.7 27.6 81.2 43.9 
Zn f r i t s 21.3 23.7 29.2 24.7 96.7 55.8 
N U - s p a r t i n 17.3 19.7 20.0 19.0 90.6 59.2 
Control 12.3 
L .S .D . a t P = 0.05 
F o r c o m p a r i n g any t w o source m e a n s = 2.4 
F o r c o m p a r i n g a n y t w o levels w i t h i n z inc source = 4.1 
readi ly u t i l i zed b y t he p l an t s t h a n f r o m o t h e r sources . The supe r io r i t y of z inc s u l p h a t e ove r 
o the r sources is due to its h igh w a t e r so lub i l i t y . BARNETTE (1936) also r e p o r t e d t h a t Zn-
def ic ient ma ize , g rown on s a n d y soils in F l o r i d a , r e sponded b e t t e r to z inc s u l p h a t e t h a n t o 
zinc oxide . T h e re la t ive e f f i c i ency of t he Zn sources inves t iga ted are s h o w n in Fig . 2 a n d t h e i r 
order of e f f i c i ency is: zinc s u l p h a t e , zinc a c e t a t e , zinc dross , zinc ox ide , N U - s p a r t i n a n d zinc 
f r i t s . 
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Table 2 
The effect of residual lei>els of Zn from different sources on the Zn concentration. Bray's percentage 
grain yield and Bray's percentage Zn-uptake in wheat 
Levels of Zn (ppm) Levels of Zn (ppm) B r a y ' s percentage 
Sources 
1.25 2.5 5.0 Mean 1.25 2.5 5.0 Mean 
Grain 
yield 
Zinc-
uptake 
Gra in Zn concentra tion Strt iw Zn concentre tion 
Z n S 0 4 34.0 36.0 40.3 36.8 16.2 19.2 23.0 19.5 78.3 33.6 
(CH.,COO)2Zn 36.7 39.5 38.3 38.2 13.8 18.5 23.5 18.6 88.0 37.5 
ZnO 29.8 35.0 36.7 33.8 13.7 18.0 19.0 16.9 81.3 37.9 
Zn dross 30.3 34.2 41.0 35.2 16.5 22.5 28.2 22.4 89.5 39.4 
Zn f r i t s 27.3 31.3 34.2 30.9 15.8 20.2 20.0 18.7 90.6 42.9 
N U - s p a r t i n 28.7 31.5 34.2 31.5 7.0 8.5 8.0 7.8 91.8 57.1 
Control 16.8 6.5 
L .S .D. a t P 0.05 Grain Straw 
For c o m p a r i n g a n y t w o levels source m e a n s = 2.5 2.9 
F o r compar ing a n y t w o wi th in zinc source = 4.4 5.1 
Yield and uptake response of wheat to residual zinc. T h e d a t a on the r e s idua l e f fec t of 
d i f f e ren t Zn sources on w h e a t yield, Z n - u p t a k e and Zn c o n c e n t r a t i o n are p r e s e n t e d in Figs 3 
and 4 a n d T a b l e 2. The r e s u l t s ind ica te a s ign i f i can t increase in g ra in yield a n d a nor:-signif-
icant increase in s t r aw yie ld . The m a x i m u m increase in gra in y ie ld was o b t a i n e d a t a 5 p p m 
Zn r a t e w i t h all the Zn sources t es ted . T h e res idual e f fec t of z inc su lpha te , z inc oxide and 
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zinc dross gave s ign i f ican t ly h igher g ra in yields t h a n o t h e r sources. T h e g ra in yields in the 
absence of Zn t r e a t m e n t s were 78.3 to 9 1 . 3 % of the m a x i m u m . The res t of t h e yield (8.7 to 
2 1 . 7 % ) was due to a d i f ferent ia l w h e a t response to Zn app l i ca t ion f rom v a r i o u s sources. Here 
too , res idual Zn f r o m zinc su lpha te g a v e t h e m a x i m u m gra in yield ( 2 1 . 7 % response) and NU-
s p a r t i n the least ( 8 . 7 % response). 
The s igni f icant response of w h e a t to Zn is the r e su l t of a s igni f icant increase in b o t h 
g ra in and s t raw Zn concen t ra t ion d u e to the appl ica t ion of d i f fe ren t sources . MEELU RAND-
HAWA (1970) also r epo r t ed t h a t the Zn c o n t e n t increased w i th the app l i ca t ion of zinc su lpha te 
a n d zinc oxide in w h e a t . 
The to ta l Z n - u p t a k e by w h e a t also increased s ign i f i can t ly as a resul t of Zn appl ica t ion , 
t h e increase being m a x i m u m wi th z inc su lpha te , fo l lowed b y zinc a c e t a t e , zinc dross, zinc 
ox ide , zinc f r i t s a n d N U - s p a r t i n a p p l i c a t i o n . Z inc -up take in the absence of Zn appl ica t ion 
va r i ed f r o m 33. 6 to 57.1° о of the m a x i m u m , indicat ing t h a t 42.9 to 6 6 . 4 % Zn-up t ake is due 
to Zn avai labi l i ty f r o m var ious sources . T h e m a x i m u m increase in Z n - u p t a k e was observed 
due to zinc su lpha te (0.56 mg/pot ) a n d t h e least w i th N U - s p a r t i n t r e a t m e n t (0.23 mg/pot ) . 
A p p a r e n t l y , the Zn in zinc oxide a n d zinc dross wras u t i l ized as readi ly as t h a t in zinc ace t a t e 
a n d zinc su lpha te b y the second crop of w h e a t . This i nd ica t e s t h a t zinc dross h a s some prospec t 
of being used as a source of Zn. T h e u t i l i z a t i on of Zn f r o m w a t e r insoluble ma te r i a l s was com-
p a r a b l e to t h a t f r o m w a t e r soluble m a t e r i a l s . The d a t a also show t h a t t h e Zn f r o m zinc f r i t s 
a n d NU-spa r t i n was no t eff ic ient ly u t i l i zed by maize a n d whea t . These obse rva t ions agree 
w i t h those of BOAWN et al. (1957) w h o found t h a t zinc f r i t s was infer ior to a n u m b e r of 
o t h e r sources, inc lud ing zinc oxide a n d zinc su lpha te , f o r sorghum. T h e o rder of re la t ive 
e f f i c iency of d i f f e ren t Zn sources (F ig . 2) is: zinc su lpha t e , zinc oxide, z inc d ross , NU-spa r t i n , 
z inc ace t a t e and zinc f r i t s . MEELU—RANDHAWA (1970) h a v e also obse rved the super ior i ty 
of z inc su lpha te over zinc oxide a n d s p a r t i n . 
Th i s s tudy sugges ts t h a t zinc s u l p h a t e is the mos t e f f ic ien t source a m o n g s t the d i f ferent 
sources included in t h e present inves t iga t ion . 
P r e p a r e d a t the D e p a r t m e n t of Soils, P u n j a b Agr icu l tu ra l U n i v e r s i t y , L u d h i a n a 
R . L . BANSAL, P . N . TAKKAR, 
M . S. MANN, N . S . RANDHAWA 
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FORUM 
OUR GUEST IS 
DR. PÁL ROMÁNY 
M I N I S T E R O F A G R I C U L T U R E A N D F O O D 
O F T H E 
H U N G A R I A N P E O P L E ' S R E P U B L I C 
PÁL, G Y . : Sir! 
Due to the development of industry and transport the agricultural production area in Hungary 
decreased by 122,000 ha between I960 and 1975. The extent of the reduction is almost equal to 
the total national sunflower area in 1975 (129,000 ha). Do you consider this 1.4 per cent 
reduction in the agricultural area over 15 years to be permissible, or should, in your opinion, 
any further decrease be prevented at all costs, even by administrative measures if necessary ? 
ROMÁNY, P . : This p r o b l e m has o f t e n b e e n e n c o u n t e r e d in recent years . S o m e i m p o r t a n t m e a -
sures h a v e a l r e a d y been t a k e n in t h i s m a t t e r a n d I t h i n k a pub l i c v i ew abou t land a s a n 
u n m u l t i p l i a b l e b u t v i ta l ly i m p o r t a n t t r ea su re is slowly beg inn ing t o t ake shape . T h e 
s imples t a n s w e r would be to s a y : yes, a n y f u r t h e r reduc t ion in t h e agr icul tura l a r e a 
m u s t be p r e v e n t e d a t all costs , e v e n by a d m i n i s t r a t i v e measures if necessary. The s i t u -
a t i o n is, h o w e v e r , s o m e w h a t m o r e compl i ca t ed . 
In f a c t , t h e d e v e l o p m e n t of i n d u s t r y a n d t r a n s p o r t was n o t t h e only f a c t o r re -
sponsible for t h e 122,000 h a r e d u c t i o n in t h e a g r i c u l t u r a l area b e t w e e n 1960 a n d 1975. 
Cons iderable a reas were w i t h d r a w n f r o m a g r i c u l t u r a l p roduc t ion f o r u r b a n d e v e l o p m e n t 
(hous ing) , m i n i n g w a t e r m a n a g e m e n t , and fo r t h e cons t ruc t ion of va r ious a g r i c u l t u r a l 
e s t a b l i s h m e n t s ( l ivestock u n i t s , g ra in stores, e t c . ) . 
I n m o s t of t he above cases t h e w i t h d r a w a l of these a reas f r o m agr icu l tura l p r o -
d u c t i o n was j u s t i f i ed . 
Pa ra l l e l t o t h e l and r e q u i r e m e n t s of t h e n e w i n v e s t m e n t s a n d e s t a b l i s h m e n t s 
be ing i m p l e m e n t e d in va r ious b r a n c h e s of t h e n a t i o n a l economy (e .g. t he opencas t coa l 
a n d b a u x i t e mines , t he m o t o r w a y s , t h e p e t r o l e u m a n d n a t u r a l ga s sources, e tc . w h i c h 
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are now in the p lann ing s tage or a l ready under cons t ruc t ion) , the acreage avai lable 
for agr icul tura l p roduc t ion is likely to decrease in the f u t u r e , too. 
I n spite of the f a c t t h a t in recent y e a r s less agr icu l tu ra l area has been util ized 
t han ear l ier (an average of 9 thousand h e c t a r e s a year less be tween 1960 and 1970, and 
6 t h o u s a n d hectares a y e a r less f rom 1971 t o 1977), more economical land m a n a g e m e n t 
is e x p e c t e d to be ach ieved , part ly by p a y i n g higher compensa t ion for the a rea used, 
and p a r t l y through s t r i c t e r regulation a n d control of land use . 
According to new legal provisions on t h e increased p ro tec t ion of land, h igh qual i ty 
land par t icu lar ly va luab le for agr icul tura l production (large-scale plots, v ineyards , 
o rchards and irrigation a reas ) can only be used for other pu rposes in except ional cases, 
such, as e.g. in the case of investments f i x e d t o a par t icular locat ion (e.g. mines) . If the 
use of s u c h land is unavo idab l e , apart f r o m compensat ion for the expropr ia t ion , the 
inves tor has to pay a considerable sum (50 — 250 t housand F t /ha depending on the 
qua l i ty of the land) as e x t r a compensat ion. 
Financial interest will probably u r g e t he investors to p l a n es tabl ishments par t ly 
on poore r quality lands , a n d part ly to cover only as large an a rea as is absolutely essen-
tial. 
* 
PÁL, GY.: Supplying the population with fresh vegetables and fruits, as well as fulfilling export 
plans and satisfying the demands raised by the preserving industry, has lately become more 
and more difficult. Do you think that the large farms, tchich struggle with a labour shortage, 
or the household farms, which are scantily equipped with over-expensive small machines, 
will best be able to ensure the fresh vegetable and fruit supply of the population in addition 
to satisfying the demands raised by exporters and the preserving industry ? 
ROMÁNY, P . : B o t h in our p r o d u c t i o n policy a n d in our product d i s t r ibu t ion and t r a d e policy 
a d i f f e r en t order of p re fe rence prevails. K e e p i n g the popula t ion supplied wi th f r e s h and 
preserved f rui t and vege t ab l e s is regarded as t he primary t a s k , and only p roduce in ex-
cess of t h i s is exported e i the r directly or in a preserved f o r m . As a result of t h e recent 
accelera t ion in the t echn ica l development of large farms, vege tab les can be p r o d u c e d in 
large vo lumes , far exceeding the domestic requi rements , in sp i te of the labour problems. 
The preserv ing indust r ies (including the cann ing indust ry) mos t ly export vege tab les , 
which m a k e up some 60 — 8 0 % of their o u t p u t . 
T h e production of f r u i t and vege tab les requiring a lo t of manual labour is a more 
dif f icul t question. These , t oo , need to be p roduced in larger quant i t ies , but th i s requires 
wider collaboration across t he social s t r u c t u r e . Last year a p rog ramme was e labora ted 
to th i s end . with g o v e r n m e n t decisions m a d e and measures t a k e n to carry i t t h rough . 
The measures were concerned part ly wi th t h e modernization of production, a n d par t ly 
with t e improvement of t he economic eff ic iency of p r o d u c t i o n ; besides la rge fa rms , 
they increasingly af fec t household plots a n d subsidiary f a r m s . The result can a l ready 
be seen in 1977 in f a v o u r a b l e price t r ends a n d a better supp ly of goods. 
T h u s , the suppor t of small producers parallel to c o n s t a n t improvement in large-
scale f r u i t and vegetable product ion is an in tegra l par t of o u r agricultural pol icy. The 
small producers present share of 30% in vegetable and 5 5 % in frui t p roduc t ion will 
con t inue to be of i m p o r t a n c e in the yea rs t o come. They p l a y a highly i m p o r t a n t role 
in t he product ion of c rops based mainly on manua l work (green paprika, c u c u m b e r , 
green peas in the pod, t o m a t o e s for f resh consumption, s t rawberr ies , raspberr ies , sour 
cherries , etc.). 
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All in all, we have made and are making considerable efforts to improve the small 
mach ine supply of household plots a n d subsidiary f a r m s , and to render their product ion 
a n d commodity sales more reliable a n d be t te r organized. The two types of f a r m s cannot 
he compared on t h e basis of technical levels alone, because household fa rming , owing to 
i ts special charac te r , need not be mechanized to the same ex ten t as large f a r m s are. Not 
only large fa rms s t ruggle with a l abour shortage, and no t only the small plot machines 
are expensive. If a " l a b o u r shor t age" occurs in the household farm ( there is a good pro-
g r a m m e on the te levis ion, or they h a v e to go out for some reason, etc.), cer ta in things 
will be left undone a n d the effect of th is may be felt in j u s t the same way. 
To suin up , we do not wish to make the d is t inc t ion suggested in the question. 
Le t us enjoy w h a t t he household f a r m s offer us as long as we can, bu t in t he course of 
development , in l ay ing the founda t ions for the fu tu re , a n d in mass commodi ty produc-
t ion we can only re ly on large f a rms . 
* 
PÁL, GY.: In the historical wine regions of Hungary it is, as yet, impossible to cultivate high gradient 
areas mechanically. In order to replace the vine areas thus excluded from cultivation the 
large farms have planted vines on mechanically cultivable gentle slapes, so that the total vine 
area of the country has not changed. What plans do you and your ministry have for the steep 
vine areas which were previously under strip cultivation, but are note left fallow ? 
IIOMÁNY, P. : The reduc t ion of the vine area 011 household a n d subsidiary f a rms is not a prob-
lem which arises only in the historical wine regions; it is a nat ion-wide phenomenon . The 
abandonmen t of smal l vine plots on t he hillsides is more problematic because the steep 
slopes can hard ly be used either for vine growing or for any other k ind of large-scale 
cul t ivat ion. The aes the t ic aspects of barrenness on t he higher slopes are not negligible 
e i ther , not to m e n t i o n the i r reparable damage caused by soil erosion. 
With a view t o utilizing areas which were previous ly cul t ivated h u t are now lying 
fallow, it is our policy to urge the large-scale cu l t iva t ion of steeper slopes and terraced 
areas . An a t t e m p t is made to f ind machine types a d a p t e d to narrow rows and to the 
load capacity of t h e support ing walls. The Badacsony S t a t e Fa rm has come closest to a 
solut ion, but these good practices are spreading. 
The Minis t ry of Agriculture and Food is endeavour ing to check the a b a n d o n m e n t 
of cul t ivat ion a reas on higher slopes. Wi th this in v iew: 
The f inancia l interest of small producers is be ing increased. In 1977 the s ta te 
purchas ing prices were 15% higher in hilly areas, and 2 3 % higher in the Tokay district 
t h a n they were in 1975. 
— The supp ly of small f a r m s wi th up- to-da te , good qual i ty mach ines is being 
improved , at te cost of a considerable financial sacrifice by the s ta te . Small machines 
which replace h a r d physical work, b u t which cannot be economically m a n u f a c t u r e d 
in Hungary were purchased to t he va lue of 1.3 mill ion S in 1976 and 4.2 million S in 
1977. 
Sta te subsidies equal to those given to t he large fa rms are g r an t ed to small 
producers who u n d e r t a k e to renew the i r vineyards on def in i te te rms consis tent wi th the 
product ion condi t ions of small producers . The ex ten t of subsidizat ion is 4 0 % in general, 
and 70° Q for t he s teep slopes of t he Tokay distr ict . 
Vine areas which are abandoned for good can be p u t to use, once t h e y have been 
t a k i n g under pub l i c ownership, p r imar i ly through long- te rm leases,* or fai l ing all else, 
by protect ive fo re s t belt p l an ta t ion . 
* Currently world m a r k e t prices show a sharp drop for a number of p r o d u c t s and an 
increase for others. 
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PÁL, GY.: The green revolution, which has greatly improved the nutrition level of the constantly 
increasing world population, has also pushed out of production the valuable domestic and 
local varieties which have lower productivity. At a time when international varieties are gain-
ing ground everywhere, what importance do you attach to plant breeding in Hungary ? 
ROMÁNY, P. : The ques t ion is ra ther ex t r eme , bu t is nevertheless of current in teres t , and reflects 
one of t he most u rgen t problems of mank ind . The preservat ion of t he gene basis of old 
variet ies e l iminated f rom produc t ion , and the use of th is gene stock in breeding are tasks 
of p r imary impor tance . I do not t a k e the s i tuat ion too seriously. W h y ? 
I n all countr ies wi th a developed agr icul ture great emphas is is laid on the 
preserva t ion of p lan t stocks. A gene b a n k has been established and is being constant ly 
improved in H u n g a r y , as elsewhere; its func t ion is to main ta in , preserve and evaluate 
the var ie t ies and local varieties e l imina ted f rom produc t ion , and to pu t th i s stock at the 
disposal of breeders . 
The gene banks of d i f fe ren t countries exchange stocks free of charge, so the 
gene pool in these countr ies is growing f rom year to year . 
It is t rue t h a t due to t he d y n a m i c progress in in te rna t iona l v a r i e t y exchange 
the poorer var ie t ies of the d i f fe ren t countr ies are being pushed into t he background. 
This is, however , an essential e lement of deve lopment , in Hungary as elsewhere. I t can-
not be claimed, for example, t h a t t he Soviet Bezos taya 1 or the I ta l ian Libellula have 
caused a reduc t ion in our gene s tock . On the con t r a ry : since these var ie t ies contr ibuted 
greatly to an increase in the yield averages, they were widely used in w h e a t breeding, 
thereby increasing the gene s tock of the new H u n g a r i a n wheat variet ies . Nor can it be 
claimed t h a t the Bánku t i wheats , among others, have not been preserved and can no 
longer play an impor tan t role in breeding by using up- to-da te breeding techniques 
(e.g. induced gene muta t ion) . 
As for m y opinion on the impor t ance of p l an t breeding in H u n g a r y , I can only 
say t h a t agr icul ture , and more specifically plant growing, has always h a d a decisive role 
in H u n g a r y , so t h a t plant breeding will keep its impor tance . However , owing to the 
rapid deve lopment and ra ther f r e q u e n t change of var ie t ies breeders c a n n o t be expected 
to meet all the demands a t any t ime . The manifold and ever more d i f fe ren t i a ted demands 
which the var ie t ies mus t meet can only be satisfied if the most valuable foreign varieties 
are in t roduced to complement the Hunga r i an breeding stock. This will also encourage 
Hunga r i an breeders to a t t a in b e t t e r and be t t e r resul ts . 
Breeding has wide perspect ives even if for m a n y plants s u d d e n changes can 
hardly be expected using the presen t methods . I t h i n k t h a t genetic research and the 
computer ized s torage of plant ma te r i a l collected in the gene bank are of g r ea t impor tance 
for the f u t u r e . In th is way it will be possible to select and combine t h e gene material 
according to current requi rements . 
Induced mu ta t i ons and zygotes produced by methods o ther t h a n na tu ra l re-
production offer the possibility of ob ta in ing new forms. Gene surgery r ende r s it possible 
to control t he combinat ions . 
Tissue cul tures , as a vege ta t ive means of reproduc t ion , m a y become general, 
thereby mak ing it possible to ob t a in clones f rom any p lan t . 
All t h u s shows t h a t we need not be afra id of the so-called green revolut ion, nor 
t ha t p lant breeders will having no th ing to do. On the cont rary , we are th rea tened by 
a different , t h o u g h more p leasant danger . Similarly to the informat ion explosion, breed-
ing may result in such a mass of ach ievements t h a t t he choice of variet ies mos t suitable 
for p roduc t ion m a y cause more d i f f icu l ty t han produc ing new ones. This , however , will 
be a problem for var ie ty trials a n d va r ie ty qual i f icat ion to solve. 
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PÁL, GY.: In Hungary the average size of a state farm teas 2914 ha in 1960, 5548 ha in 1970 and 
6602 ha in 1975. The average area of a co-operative farm icas 870 ha in 1960. 1985 ha in 
1970 and 3161 ha in 1975. Considering the geographic and climatic conditions of Hungary, 
what, in your opinion, trill be the rational farm size for state and co-operative farms in the 
future ? 
ROMANY, P.: As regards na tu ra l condit ions, it is topographic f ea tu res and other f ac to r s which 
affect plot sizes which play a decisive role in th is respect r a t h e r t h a n climatic condi t ions . 
N a t u r a l factors can only influence the dimensions of the va r ious sections wi th in a farm, 
and hardly af fec t the size of the fa rms themselves under H u n g a r i a n condi t ions. 
F rom economic and management po in ts of view far ín size depends in p rac t i ce on 
two factors : 
a) on t he technical level or the s t a t e of engineering a n d technical deve lopmen t 
(wha t the indus t r ia l background can provide) 
and b) on the intel lectual capaci ty and the s tandard of managemen t ( w h a t size of 
opera t ion the m a n a g e m e n t is able to organize and keep in h a n d ) . 
I do not th ink tha t the present level of technical deve lopment h inders t he in-
crease in f a r m size. 
On the o ther hand , experience suggests t h a t no new intel lectual capac i ty , which 
would be a precondi t ion for raising the s t a n d a r d of m a n a g e m e n t and for m a k i n g prog-
ress in nat ional f a rm sizes, has developed so far . Associations and co-operat ion have 
come to the fore ins tead; these bring abou t horizontal in tegra t ion beyond t h e limits 
of the existing fa rms , thus modify ing the size of the uni t and t he usual way of th ink ing 
in f a r m sizes, w i t h o u t increasing the ac tua l size of any given f a rm . Never the less , this 
var ies f rom coun ty to county . (For example , as regards t h e s ta te farms, in 1976 the 
average fa rm size was 2999 ha (max. : 5341 ha , min.: 1613 ha) in Heves c o u n t y , and 
11,346 ha (max . : 45,061 ha, min. : 2837 ha) in H a j d ú - B i h a r coun ty . ) 
In the case of co-operat ive fa rms the average fa rm size was 6452 ha ( m a x . : 1239 
ha . min. : 914 ha) in Szolnok county , 2596 ha (max. : 7004 ha , min . : 521 ha) in K o m á r o m 
coun ty , and as small as 2551 ha (max. : 6963 ha , min. : 440 ha) in Szabolcs c o u n t y . 
All in all, it may be s ta ted t h a t we do not want to increase farm size t o a n y con-
siderable e x t e n t ; no such measures are p l anned , nor will c a m p a i g n s to this end be back-
ed up. 
The organizat ion and s t rengthening of in ter - farm associat ions and co-opera t ions 
is, however, expec ted to increase. Steps are being taken to e l iminate or reduce t h e pres-
en t admin is t ra t ive and legal factors which hinder co-operat ions or cause a slash of 
interest . No co-operat ive or s ta te fa rm is, however , urged to jo in an association j u s t for 
t h e sake of being a member of one. 
Thus , no ra t ional f a rm size can be f ixed definitely for all t imes since th i s ques t ion 
is a lways a func t ion of the level of technical and economic deve lopment and t h e s t a n d a r d 
of m a n a g e m e n t . 
PÁL, GY.: Today professional agriculturists are trained in the various faculties of three agricultural 
universities to undertake the direction of agricultural work in Hungary. Is there, in your 
opinion, an overproduction of agricultural professionals in Hungary, or will the overpro-
duction only show up later, in which case it could be prevented now by reducing the number 
of students admitted to the universities ? 
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ROMANY. P.: Owing t o the concen t r a t ion and rapid technical development of fa rms the de-
mand by social is t large-scale f a r m s for agr icul tura l professionals has been var iable over 
the last t w e n t y years . In the f u t u r e , manifold specif ic demands are t o be expected. Thus , 
besides the t h r e e agricultural universi t ies, a ve t e r ina ry , a hor t i cu l tu ra l and a fores t ry 
engineering un ivers i ty , and t h r e e fur ther colleges are also ma in ta ined . 
The d e m a n d s by large-scale farms for specialists are followed with c o n s t a n t 
at tention, t h e specification of t h e s e demands is periodically supervised and the vo lume 
and direction of the training p rog rammes are a d j u s t e d accordingly t o suit the develop-
ing technologies and organiza t ion levels of the large farms. I t is possible to create opti-
mum correspondence between t h e demands a n d t h e educat ional p rogrammes , and to 
avoid the ove rp roduc t ion of e x p e r t s , which is, in a n y case always a re la t ive concept. 
In ou r opinion the social is t large-scale f a r m s are at present adequa te ly supplied 
with farm special is ts . In the co-operat ive sector t h e reasonable d e m a n d is satisfied to 
some 80%, s ince there are p r o b l e m s with the d i s t r ibu t ion of t ra ined personnel: in highly 
profitable large-scale farms n e a r the cities the re are signs t h a t t h e number of exper t s 
is near s a t u r a t i o n level, while i n f a rms with u n f a v o u r a b l e local condit ions, s i tua ted fa r 
from the ci t ies , a shortage of un ive rs i ty and college graduates can be observed even in 
important pos t s . We wish t o change this s i t u a t i o n by various sys tems of s ta te sub-
sidization, w h i c h are expected t o bring an i m p r o v e m e n t in the n u m b e r of experts avail-
able in these areas . Allow me t o mention here t h e peculiar diff icul t ies encountered in 
trying to ease t h e problems of f a r m s working u n d e r unfavourab le conditions. Should 
we send y o u n g , newly g r a d u a t e d agriculturists, or experienced people with p len ty of 
practical knowledge , who are suff icient ly m a t u r e to manage a large-scale f a r m ? The 
former may be discouraged by t h e difficult c i rcumstances , the l a t t e r are already set t led 
somewhere a n d are reluctant t o change their p lace of work. But I do not wish to delve 
more deeply i n t o the quest ion. 
As t o t h e activities of h igher education ins t i tu t ions: in some professions t he 
number of s t u d e n t s has been r educed . One of t h e results of this s tep is the avai labi l i ty 
of ins t i tu t ional capacity for t h e extension t r a in ing of engineers, t h a t is, possibilities are 
offered for t r a i n i n g in special professions ( c o m p u t e r techniques, economies, manage-
ment, ag r i cu l tu ra l psychology, agricultural m a t h e m a t i c s , etc.) for which the d e m a n d 
has arisen as a result of t echn ica l and organizat ional development . I t is also good t h a t 
we are able t o receive an increas ing number of fore ign s tudents . 
It shou ld also be m e n t i o n e d tha t there is an increasing d e m a n d on the p a r t of 
socialist large-scale farms for agr icul tura l special is ts ; this is closely connected wi th t he 
fact tha t a professional qua l i f i ca t ion has become the condition for occupying ce r ta in 
posts, specified by law. The n u m b e r of jobs requ i r ing univers i ty (college) educa t ion 
increases w i t h t h e development of production condi t ions and technologies. In the con-
centrated l a rge fa rms un ivers i ty (college) educa t i on is already indispensable not only 
for the d i rec to r of the farm b u t also in some produc t ion m a n a g e m e n t , technological 
and admin i s t r a t i ve posts. 
Thus , t h e r e is no overproduc t ion of agr icu l tura l professionals in H u n g a r y a t 
present, nor will there be in t h e fu tu re . The correspondence be tween the demand a n d 
the number of people trained c a n be mainta ined indefinitely in t he f ramework of t he 
socialist p l a n n e d economy. 
* 
PÁU, GY.: In 1949 61.6°/0 of the population of Hungary lived in villages; by 1977 this proportion 
decreased to 49.3%. In 1949 76% of village earners worked in agriculture; in 1960 this 
number dropped to 42.2% and has been decreasing ever since. To what extent do you think 
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the number of agricultural workers can be reduced ivithout affecting the food supply of the 
country's population ? 
ROMANY, P . : This is, in f a c t , a complex p rob lem. 
One of the quest ions is the r a t io of u rban t o village populat ion, as p a r t of the 
process of u rban iza t ion . Between 1970 and 1975 t he u r b a n populat ion increased by 
6 . 7 % , while the village populat ion showed a 2.2% decrease ( though m a n y are living in 
t he same place as before , but the village lias been given t o w n status). At t he beginning 
of 1976 the propor t ion of the populat ion living in towns was 50.4",, while the propor t ion 
l iving in the 3100 villages was 49 .6%. 
The o ther ques t ion is more di f f icul t : of the 5.2 million people living in villages 
w h a t percentage of t he active earners ( abou t 2.6 million) work in the d i f fe ren t sectors 
of t h e nat ional economy including agr icul ture . The p ropor t ion of agr icul tura l earners 
l iving in villages is e s t imated to have decreased by now to below 40",,. 
As to the reduc t ion in the n u m b e r of those work ing in agriculture ( i rrespect ive 
of the i r place of residence), the s i tua t ion is as follows: 
1. Between 1970 and 1975 the n u m b e r of those employed in agr icul ture decreased 
by some 150 t h o u s a n d (20%). including a reduction of 89 thousand in t he n u m b e r of 
co-operat ive members . 
2. According to da t a provided by the Central Sta t is t ica l Office oil t he various 
sectors of the na t iona l economy in 1975 25.1°,, of t he to ta l number of worke r s were 
employed in agr icul ture , forestry and wa te r m a n a g e m e n t (it should be no ted t h a t in 
th i s sys tem of regis ter ing the number of workers per sector, forestry is represen ted by 
50 t housand and w a t e r management b y 70 t housand workers) . 
Excluding fo re s t ry and water m a n a g e m e n t , t he propor t ion of agr icu l tura l ear lers 
to the total n u m b e r of earners was 19.9% at the beginning of 1976. The propor t ions 
na tu ra l ly vary f r o m coun ty to coun ty . 
At ten t ion should be drawn to t he fac t t h a t t h e s tat is t ical data of developed cap-
italist countries, which are most f r equen t ly used for comparison, differ in m a n y re-
spects f rom ours as t o their content . The comparison m a y , therefore, involve, m a n y t raps 
(if it is possible a t all) unless the methodica l differences are el iminated. F o r example : 
- in H u n g a r y the " to ta l n u m b e r of those e m p l o y e d " is generally used , and the 
propor t ions of ea rners are reckoned accordingly. In f ac t , however, of the 612 t housand 
people employed in co-operative f a r m s in 1975 only 78 .5% were act ive members . In 
m a n y countries only the number of ac t ive earners are shown in the da ta , and those who 
work for only a few mon ths of the yea r are also considered as employed; 
in foreign statist ical d a t a t he number of so-called "service" workers is not 
included ( they are represented in ano the r sector). I n H u n g a r y everyone who works in 
an agricultural en terpr i se (who is employed there) is regarded as an agr icu l tura l worker , 
a l though nearly one- thi rd of the to ta l number of s t a t e f a r m workers are t o d a y employed 
in activities wi th no direct relation to agr icul tural p roduc t ion (e.g. in processing uni ts , 
r epa i r shops, t r anspo r t a t i on , t rade and other branches) . 
This is why it is so impor t an t t o examine f i r s t the content of the d a t a ! 
The index of agricultural popu la t ion densi ty should be considered as m u c h more 
i m p o r t a n t t h a n f igures expressing percentages . Oddly enough it is seldom used , a l though 
it is this index wh ich really shows t he technical level and intensity of agr icu l tura l pro-
duc t ion in a given coun t ry . At p resen t , there are 6.7 ha agricultural area for each active 
agr icul tura l earner in Hungary . To p u t it d i f ferent ly : in Hungary the a rea cul t ivated 
b y one agr icul tura l worker is larger t h a n in m a n y economical ly developed count r ies with 
a similar level of product ion . I t h i n k th is index is ve ry impor tan t , because we have t o 
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counter a deeply rooted belief t h a t the smaller t he percentage agr icu l tu ra l popu la t ion 
the more developed the economy of the coun t ry . I t is obvious t h a t t he f igures quo ted 
cannot be eva lua ted wi thout considering the popu la t ion density, the p ropor t ion of t he 
count ry ' s a rea under agr icul tura l cul t ivat ion or t h e s t ruc ture and level of agr icul tural 
product ion in the given coun t ry . I t is qui te obvious t h a t in a count ry wi th a high popu-
lation dens i ty even a low percen tage of agr icul ture m a y mean a be t t e r l abour supply in 
agricul tural p roduc t ion t han a subs tant ia l ly higher percentage agr icul tura l populat ion 
in a sparsely popula ted coun t ry . 
It m a y be assumed t h a t in 1990, not including exports , each agr icul tura l worker-
will produce suff ic ient food (or i ts raw mater ia l ) for nearly 18 people. In 1970 the cor-
responding f igure was 8, t o d a y it is about 11 — 12. based on the n u m b e r of workers. 
This ra te of g rowth would be h igher if the p roduc t ion value to be a t t a i n e d via increased 
yields were t a k e n as the hasis. 
* 
PÁL, GY.: AS Kautsky pointed out, the rise in food prices on the world market is not temporary but 
of и permanent nature; this he explained by the agricultural labour shortage and rising land 
rent. In your opinion, do the food prices in the JIungariun People's Republic show a rising 
tendency at present, and if so, what factors are responsible for this ? 
ROMANY, P.: In answer ing the quest ion 1 shall not s t a r t wi th K a u t s k y ' s s t a t e m e n t , bu t shall 
deal first w i th the last part of t h e quest ion and t h e n re tu rn to the idea raised at the 
beginning, because this seems to be more logical. 
Looking at the statist ics on the changes in food prices dur ing t he f i f t een years 
between 1960 a n d 1975, it can be s ta ted tha t : 
— food prices rose all over the world, 
— w i t h i n th is f i f teen-year period the rise in prices between 1971 a n d 1975, and 
part icular ly dur ing the last twro years of this per iod , accelerated.* 
— in t h e socialist countr ies , excluding Yugos lavia , the price indices rose much 
more slowly t h a n in the developed capital is t count r ies . 
In H u n g a r y the rise in food prices was 0 . 5 % between 1961 and 1965, 1.1% be-
tween 1966 a n d 1970 and 2 .7% in t he period 1971 — 1975, on a f ive-year average. 
For t h e sake of comparison it should be m e n t i o n e d here t h a t t he g rowth ra te for 
food prices in t he Soviet Union was 0 .8% between 1961 and 1965, and 0 . 2 % in the pe-
riod 1971 —1975. In Austr ia , on t he o ther hand , t he r a t e was 4.6 and 6.4" ( l , respectively, 
on the average for these two f ive-year periods; in I t a l y food prices rose by 4.7 and 11.5%, 
in Holland b y 4.1 and 6.8%, and in t he German Federa l Republic by 2.3 and 5 .4%, re-
spectively, in t h e same periods. The rise in food prices be tween 1971 and 1975 was above 
10% in several developed capital ist countr ies . In H u n g a r y the slow rise in prices showed 
f luc tua t ions in t he fou r th f ive-year p lan period (1971— 1975). 
The rise in food prices was general ly accompanied , bo th in H u n g a r y and abroad , 
by a change in t h e consumpt ion s t ruc tu re , an i m p r o v e m e n t in the qua l i ty of foodstuffs , 
and a rise in t h e processing level, which na tura l ly also played a role in t he t endency for 
food prices t o rise. 
We m a y now pu t the ques t ion: why are food prices increasing? Pr ior t o explain-
ing the slow rise in food prices in H u n g a r y . I should like to shed some l ight on the com-
ponent of the rise. 
* Current ly wor ld marke t prices show a sharp d rop for a number of p roduc t s and 
an increase for o thers . 
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Apar t f rom s t a t e subsidies, t h e cur ren t policy on living s t anda rds , and other 
fac tors , p roduc t ion costs always p lay an impor tan t role in food price t r e n d s . And agri-
cu l tu ra l product ion costs, the prime costs of major p r o d u c t s and the costs of food pro-
cessing show a t endency to rise. 
In our developing agriculture, a n d also in o ther fields, the fol lowing factors go 
t o w a r d s increasing product ion costs: 
- energy costs, which are increas ing as a consequence of the ever g r e a t e r efforts 
requi red for energy product ion ; 
the prices of materials a n d implements of indus t r i a l origin (mach ines , ferti-
lizers, chemicals, etc.), which are increas ing because of high industr ial r a w material 
costs ; 
the rising propor t ion of ma te r i a l s and implemen t s of industr ia l origin in the 
inpu t s required for agricultural p r o d u c t i o n ; 
the higher costs of uni t work ing t ime; 
- the cul t iva t ion of low p r o d u c t i v i t y areas in o rder to satisfy t h e increasing 
food demand caused b y the demograph ic explosion and the rise in e f fec t ive demand; 
the exhaus t ion of the simple yield increase reserves even on good land , and 
the consequent need for considerable supp lemen ta ry i n p u t ; 
- the increasing tendency t o w a r d s capital in t ens i ty ; 
- the rising in f ras t ruc tu re a n d communa l expenses (road cons t ruc t ion , trans-
po r t , wa t e r m a n a g e m e n t , service a n d energy network) , and inves tments t o improve 
social provisions and living condi t ions ; 
— the improvemen t in qual i ty , t h e higher degree of processing, and b e t t e r meth-
ods of packaging. 
The following fac tors con t r ibu te towards a r educ t ion in produc t ion costs: 
— the reduct ion in working t i m e per uni t p roduc t , t h a t is, the h igher product iv-
i ty of manua l labour ; 
- the biological achievements (high yielding variet ies , energy-sav ing crops, 
etc.) , and the sudden increase in yields general ly; 
the propor t ional and complex charac ter of deve lopment ; 
- the exploi ta t ion of soil po ten t i a l (of course, th is is not unl imited); 
— the higher s t anda rd of organiza t ion , the deve lopment of p roduc t ion on a large-
scale. 
Out of these two groups of f ac to r s , those con t r ibu t ing to a rise in cos t s are the 
decisive ones. The p roduc t ion costs fo r some major p r o d u c t s f rom co-opera t ive farms 
showed t he following t rends in 1976 compared to 1971 ( index: 1971 -- 100): 
wheat 124 
sunflower 191 
sugar-beet 148 
onions 139 
wine-grapes 123 
apples 124 
milk 143 
feeder ca t t l e 129 
feeder pigs 118 
broiler chickens 103 
E a c h of these could be analyzed separa te ly , b u t it will suff ice to note t h a t 1976 was a 
re la t ive ly poor crop year . 
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In the m e a n t i m e food i n d u s t r y costs have also increased, so in fac t the inpu t 
required for food product ion has r isen considerably in Hungary . 
It m u s t h a v e been clear f r o m what I p r e faced my answer wi th t h a t while the 
production costs in agriculture a n d the food indus t ry h a v e risen rapidly and substant ia l-
ly food prices h a v e hardly changed . 
The increase in agricultural product ion costs, l ike price rises of n a t u r a l resources 
in general, is not followed by an increase in retai l pr ices in the socialist countries, in-
cluding H u n g a r y . In Hungary re ta i l price t rends accord with the communis t party-
policy on living s t anda rds and incomes. Owing to t h e basic impor tance of foodstuffs 
a decisive p a r t of t he retail prices are deliberately k e p t a t a low level. I t is thus under -
s tandable t h a t p roduc t ion costs are constantly h ighe r t han retail prices. The govern-
ment coun te rba lances this d i f ference with various subsidies, in order to increase food 
production, deve lop the right s t r u c t u r e , and i m p r o v e t he income and living condit ions 
of the producers . 
The per iodica l correction of retai l prices is m a d e in accordance wi th our policy 
on living s t a n d a r d s , and helps to f o r m consumption pa t t e rn s favourab le to the na t ional 
economy and t o keep a balance be tween supply a n d demand. 
Unlike commodi t ies with officially fixed pr ices , free-price p roduce (e.g. vegeta-
bles) show h igher price f luc tua t ions depending on c r o p results and t r e n d s in supply a n d 
demand: a s u d d e n rise in the prices of imported c o n s u m e r goods also cont r ibu ted to t he 
price increase be tween 1971 a n d 1975. 
I do n o t t h i n k tha t the explana t ion for p r e s e n t food prices is to be found in 
Kautsky ' s a r g u m e n t , especialle, where the socialist countr ies are concerned. K a u t s k y 
examined t he e f fec t s of an e x p a n d i n g capitalist agr icu l ture , whereas w h a t we are dis-
cussing now is a controlled f a rm policy, and its c o n c o m i t a n t effects, implemented under 
socialist condi t ions , where the agr icul tura l p r o d u c t i o n is on the w a y towards indus-
trialization. 
In his work "Agrar ian q u e s t i o n s " (Die A g r a r f r a g e , 1898) K a r l K a u t s k y s t a t ed 
the fact t h a t u p to the second half of the 1870's f o o d prices s teadi ly rose, as opposed 
to industrial pr ices . The rise in pr ices exceeded t h a t in w ages. With reference to K a u t s k y 
it is also w o r t h ment ioning his observa t ion tha t f r o m the second half of the 1870's un t i l 
the end of t h e cen tu ry , food prices decreased due t o the development of industry and 
the abolition of feudalism. 
* 
PÁI., GY.: In Hungary the price of a Kába-Steiger Tougar I] type tractor is 1,394,000 Ft which 
is equal to the price of 4,725.42 q wheat. Taking 38.8 q/ha, the average yield in 1976, as the 
basis for calculations, this volume of wheat can be produced on 121.79 ha. Do you think 
that this ratio represents an unfavourable gap between the prices of agricultural and indus-
trial products which may economically reduce the volume of production, or an increase in 
the efficiency of investments ichich will reduce production costs ? 
ROMANY, P.: In H u n g a r y the p ropor t ion of land, l abour force and recycled produce of agri-
cultural origin is decreasing while materials and facil i t ies of indust r ia l origin, toge the r 
with various services, are a s suming increasing i m p o r t a n c e within t h e to ta l volume of 
inputs. Consequent ly , the level of agricultural p r o d u c t i o n , the eff iciency of inves tmen t , 
the specific cos ts , and thus re ta i l prices are be ing determined more and more by t h e 
amount , price a n d efficiency of p roduc t s from t h e machine , chemical , energy, bui lding 
material indus t r i es , etc. 
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Besides product ion facilities of indus t r i a l origin and the machines and ma te r i a l s 
pu rchased abroad , the p roduc t iv i ty of biological factors and i ts requi rements in t e r m s 
of energy , capi tal , etc., i.e. t h e uti l ization of biological po ten t ia l , also plays a decisive 
role. The co-ordinat ion of these two groups of f ac to r s (materials a n d facilities of indus t r i a l 
origin a n d biological components ) , and last b u t not least, well-organized, hones t work , 
charac ter ized by the increasing responsibil i ty of the individual wi th a steady decrease 
in the n u m b e r of those working in agr icul ture , combine to give t h e expected resu l t and 
an answer to your quest ion. 
I n H u n g a r y agr icul tura l product ion is gradually becoming industr ial ized; this 
is charac te r ized by large f a r m i n g units, t h e appl icat ion of indus t r ia l principles of m a n -
agement and . as I ment ioned earlier, by a n increasing p ropor t ion of mater ia ls and 
facilities of industrial origin. Inasmuch as p u r c h a s e prices on t h e domestic or fore ign 
marke t s exceed the costs of the decreasing l abour force, or if these prices resu l t in a 
slower r a t e of increase in t h e value of o u t p u t t h a n in the pr ice of input , ag r i cu l tu ra l 
p roduc t ion costs rise, as we have of ten wi tnessed lately. 
I n H u n g a r y the price of a Báha-Ste iger I I t ractor was, un t i l recently, 1,394,000 
F t , which is equal to the price of 4,940 q w h e a t or 5,040 q maize . A similar t r a c t o r is 
equal in va lue to 2,670 q whea t or 3,145 q maize in Austria, a n d to 2,670 q w h e a t or 
2,490 q maize in the German Federal Bepubl ic . (Here the pr ice which the agr icu l tu ra l 
producer p a y s for the t r a c t o r is given, l eav ing out of considerat ion the s ta te s u p p o r t 
g ran ted t o t he manufac tu re r s in order to m o d e r a t e the high indus t r i a l prices.) 
H a v i n g taken the above ratios into considerat ion- the pr ice of the Bába-S te ige r 
t r ac to r was reduced to 1,194,600 F t , whereby t he ratios have na tu ra l ly become more 
favourab le . 
In H u n g a r y the pu rchase price of a combine is equal to t h e price of 2,400 q w h e a t 
or 2,630 q maize. In Austr ia the corresponding values are 2,100 q whea t or 2,370 q maize , 
and in t he German Federal Bepubl ic 2,100 q whea t or 1,874 q maize. The costs of ma-
chine pu rchase are thus less favourable in H u n g a r y by compar ison. 
Ba t i o s calculated in a similar manne r fo r the agricultural purchase prices of fer t i l -
izers, chemicals and feed concent ra tes are, due t o s ta te measures, somewhat more f a v o u r -
able in H u n g a r y t han in o the r countries. 
I n our experience, high capaci ty m a c h i n e s like the Bába-Ste iger t r a c t o r s are 
more p roduc t ive and reduce t he cost per u n i t of mechanical work , provided a fu l l ut i l -
ization of the i r capacity is m a d e possible by a d e q u a t e plot sizes, an appropr ia te s u p p l y 
of mach ines and careful work management . According to represen ta t ive surveys m a d e 
in co-opera t ive farms, 14 —17% cost reduct ion was at ta ined in f a r m s using one or two 
Báha-S te ige r t ractors . 
In H u n g a r y the purchase prices for mach ines are t h u s relat ively high, h u t no 
far - reaching conclusions can be drawn f rom th i s abou t an un favourab l e gap be tween t he 
prices of agr icul tura l and indus t r ia l products , or about any o the r phenomena , since no t 
only are re ta i l prices sys temat ica l ly regula ted b y the government , b u t changes in costs 
are also followed by changes in agricultural pu rchase prices, t h e credit policy a n d t he 
s ta te subsidies , whereby t he government c r ea t e s the necessary f inancia l condi t ions for 
r ep roduc t ion on an increasing scale. I t is t r u e t h a t in the pa s t in te rvent ion has o f t e n 
lagged beh ind events, ins tead of influencing a n d shaping the economic corre la t ions in 
advance , b u t we hope to change this in the f u t u r e . Today examples of the opposi te t e n -
dency can already be f o u n d . 
The industr ia l izat ion of agricultural p roduc t i on is an ob jec t ive process. Mater ia l s 
and chemicals of industrial origin, the var ious biological f ac to rs ment ioned above , t he 
proper equ ipmen t , and well t r a ined h u m a n l a b o u r all greatly increase the eff ic iency of 
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i nves tmen t . The experience ob ta ined so fa r shows t h a t ha l f -measures , rushed decisions, 
and " m o d e r n i z a t i o n " for t he sake of modern iza t ion are ex t remely expensive f ac to r s . 
Therefore, in the course of development the capac i ty of the na t iona l economy is kep t 
in mind when trying to sa t i s fy the r e q u i r e m e n t s of complex correlations. This is also 
done by t h e fa rms to an increasing extent , w i t h costs and r e t u r n s alike. 
* 
PÁL, GY.: In order to supply the growing population with food, agriculture is compelled to turn 
out produce even at higher production costs; in socialist countries this surplus cost has to be 
borne by the national economy. Taking into consideration the present purchase prices of 
agricultural produce and the sum invested in agriculture, is there un accumulation or an ex-
port of capital in Hungarian agriculture ? 
ROMÁNY, P.: I t is a lready clear f r o m what has gone before tha t food product ion can only de-
velop in co-ordinat ion wi th o ther branches of t he national economy. This is also en-
visaged a n d ensured by our nat ional economic plans. The deve lopment of i nd iv idua l 
branches is not carried o u t a t random, hu t in accordance wi th our socio-economic ob-
jectives, a t various ra tes a n d in different o rde r s of magni tude , I n other words: t h e ex-
tent of deve lopment p lanned in a branch while others are k e p t a t the same level , de-
velop mode ra t e ly , or even reduce their ac t iv i t ies is not a chance factor or s o m e t h i n g 
which is only discovered ex post facto. 
T o cont inue answer ing t he question, I do not like to speak of the accumula t ion 
or expor t of capital ill socialist agriculture. A t mos t it is a ques t ion of w hich b r anches 
use the deve lopment f u n d s p roduced in ce r t a in o ther branches of the national economy. 
Budget re lat ionships are a lways dis t r ibut ion relat ionships too . 
I n t e r n a t i o n a l exper ience proves t h a t agr icul tura l i n v e s t m e n t s are increas ing all 
over t he wor ld , both in developing and deve loped countries. 
I n v e s t m e n t s ( i r r igat ion systems, roads , t r anspor t lines) require co-ord ina t ion 
even w h e n they are in p r i v a t e ownership. B u d g e t relat ionships h a v e a great in f luence on 
deve lopmen t , though o f t en v e r y indirectly. 
I t is a well-known f a c t t h a t half of t h e world popula t ion is starving. H u n g e r is 
not. of course , a p roduc t of ou r times; in 1069 Pope Urban I I sen t the crusaders off in 
the hope of acquiring land a n d pu t t ing an end to famine. The s ta t i s t ics have been record-
ing regular ly recurring f a m i n e s ever since. M a l t h u s derived his erroneous doctr ines f r o m 
the a p p a r e n t contradic t ions be tween the g r o w t h ra te of the wor ld populat ion a n d the 
food supp ly . The world is still concerned w i t h t h e problems of a b u n d a n c e and sho r t age . 
T h e agriculture of H u n g a r y is known to be of basic i m p o r t a n c e not only is supp ly -
ing the popula t ion of t he c o u n t r y , but also b y cont r ibut ing to t he development of the 
nat ional economy th rough i ts active foreign t r a d e balance. The expor t - impor t b a l a n c e 
of agr icu l tu re and the food indus t ry has increased by 54% in t h e rouble area a n d by 
260% in t he dollar area as compared to 1971. I should like to add tha t the p r o p o r t i o n 
of impor t ed material used in agriculture is low (about 9%) , while in other b ranches it is 
two or th ree t imes higher. T h e positive ba l ance of the per c a p i t a foreign t rade in agri-
cul tural a n d food industr ial p roduc t s pu ts H u n g a r y far ahead of m a n y countries in the 
w orld. 
* 
PÁL, GY.: Thank you for your information. 
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Fig. 3. " T e o p o d " type m u t a n t . The ramif ica t ion and the compara t ive ly well-developed glumes over the grains are suggestive of Zea mays 
t un i ca t a , b u t in o ther fea tures it is similar to cu l t iva ted maize 
Fig. 4. "Corn-g rass" t ype m u t a n t . It has bushy growth hab i t wi th nar row grass-like leaves. It is character ized by shor t , somet imes 
bending , cluster-like male inflorescences and small female flowers f rom which 2—3 grains covered by glumes develop. There are types tal-
ler t han the m u t a n t seen in the pic ture , which have still narrower leaves 
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The s p o n t a n e o u s corn-grass m u t a t i o n was discovered among the h y b r i d s of sweet corn 
in 1941, and not m u c h later , in 1950, was described by SINGLETON (1950, 1951, 1956) as a domi-
n a n t muta t ion . Similar muta t ions were reported by LISIKOV et al. (1964), LisiKOV (1965, 1968, 
1969) and KARAVCIIENKO (1968), who described several var iat ions of these types . 
The " c o r n - g r a s s " type p lan t s differ f rom the t eopod type main ly in t he shape of the leaf. 
Their leaves are nar rower , the s ta lks th inner , and the f lower primordia ve ry small . Under f ield 
conditions the p l a n t s have no panicle. These m u t a n t s o f ten resemble the grasses, which is w h y 
they are called "corn-grass" . A ve ry r ich selection of these m u t a n t va r i a t i ons are avai lable 
(Fig. 4). 
FIG. 5. Chimera m u t a n t . The m a i n s ta lk has normal leaves and tassels. On the laterals t h e 
[ f t p • leaves are narrow and there are cluster-like male inflorescences a t the apices 
The n e x t group contains the chimera m u t a n t s . In these plants t he r e is a difference 
between the m a i n stalk and the la tera ls . The main s ta lk is reminiscent of a normal maize s t a lk , 
while the la tera ls have narrow leaves, and somet imes a cluster-like male inflorescence; t h e 
stalk itself is also th inner . There are also types where only female f lowers develop on the la t -
erals (Fig. 5). I n these mu tan t s the cells have vary ing inher i tance , consequent ly the correspond-
ing organs wi th in the same p lan t have developed in such a way tha t their t issues preserve va r i -
ous genetic re la t ionships and are therefore different in m a n y morphological features . 
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Fig. 6. Branch ing- type m u t a n t . On the laterals cluster-like male inflorescences are found , and s t rong adven t i t ious roots a t the base 
Fig. 7. Tubu la r fo rmat ions occurr ing in m u t a n t s below the tassel 
rig. 8. Normal maize ear and m u t a n t t ube fo rmat ion . On the r ight of the pic ture is a product ive shoot f rom a m u t a n t p lan t of gen-
era t ive charac ter , s i tua ted a t the apex. A short male inflorescence is seen a t the end of each ear 
Fig. 9. A m u t a n t wi th a spadix suggestive of a spike. On the m u t a n t shown in the picture the spadix has a cluster-like posit ion on the 
f lower axis where 4— 5 ears develop 
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In the th i rd group the b ranch ing- type m u t a n t s were placed, in wh ich ramification occurs 
in the middle of t he plant and no t a t the base (Fig. 6). In this group d i f fe ren t var ia t ions are 
again found. The re are laterals end ing in tassels, b u t p l an t s also occur wi th no tassels on t he 
la terals , only cluster-l ike male inflorescences, at the base of which a re 4—5 ears. The l a t t e r 
t ypes may be of impor tance in p roduc ing higher y ie ld ing maize hybr ids (F ig . 7). 
Fig. 10. Unisexual female maize. If we succeed in f i n d i n g or producing a pollinator w h i c h 
ma in ta ins the un i sexua l i ty and a ma le restorer, this t y p e may play an ex t remely i m p o r t a n t 
role in hybr id seed p r o d u c t i o n 
A four th g roup of mutan t s d i f fe rs in the height of t he plants and t h e w id th and pos i t ion 
of the leaves. In th i s group there are dwar f and m e d i u m tall plants, n a r r o w and broad- leaved 
ones, as well as p l a n t s with a sharp leaf angle, which m a y have a role in developing ma ize 
hybr ids tolerant to s t and density a n d mechanizat ion. 
The f i f th g r o u p includes m u t a n t s in which the generat ive organs show morphological 
differences. Among t h e m are pollen steri le types, p lants of male character a n d some of def in i te -
ly female charac ter . As far as the pos i t ion of the inflorescence is concerned , on some p l a n t s 
the cluster-like spad ix is found immed ia t e ly below the tasse l , while on o t h e r s it is in the midd le 
of the p lant (Fig. 8). Of the m u t a n t s belonging to th is g roup , types wi th a cluster-like s p a d i x 
are expected to he of great impor tance in developing h igh yielding maize h y b r i d s . In these t y p e s 
the ears develop in a common stem p a r t and are remin iscen t of wheat spikes . Such a fo rma t ion 
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consis ts of 4— 5 ea r s (Fig. 9). B e s i d e s these, h o w e v e r , there are n o r m a l mul t i -eared t y p e s as 
well . In some m u t a n t s the ea rs d e v e l o p i m m e d i a t e l y above g round l eve l . 
A m o n g t h e va r i a t ions of o u r r i c h m u t a n t p o p u l a t i o n the so-ca l led un i sexua l f e m a l e ma ize 
t y p e which h a s n o tassel or a n y k i n d of male in f lo rescence is w o r t h m e n t i o n i n g (F ig . 10). I t 
will play an e x t r e m e l y i m p o r t a n t role in hybr id m a i z e seed p r o d u c t i o n . I f pol l inators a r e f o u n d 
w h i c h m a i n t a i n f ema le u n i s e x u a l i t y or act as m a l e restorers , t h e w h o l e hybr id m a i z e seed 
s u p p l y can be r evo lu t ion ized . I n a d d i t i o n to t he a b o v e , m a n y t r a n s i t i o n a l type m u t a n t s are 
also avai lable . 
All th i s p r o v e s t ha t wi th t h e p r o p e r u t i l i za t ion of t he m u t a g e n s m e n t i o n e d above a gene t -
ically d ivers i f ied basic stock c a n b e produced f o r b r e e d i n g p u r p o s e s , a n d this is one poss ib le 
way of b r o a d e n i n g the genet ic b a s i s . 
K . PÁSZTOR 
U n i v e r s i t y of Agr i c u l t u r a l Sc iences , 
D e p a r t m e n t of P l a n t Growing 
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ESXTCTS O.DUOTtS GLFARKAS P.MAUG» I A K A D É M A I KIADÓ 
D U D I T S D . F A R K A S G . L . M A L I G A P . : 
Cell Genetics in Higher Plants ( P r o c e e d i n g s 
of an I n t e r n a t i o n a l Tra in ing Course , 5—17 
J u l y 1976 Szeged , H u n g a r y ) , A k a d é m i a i 
K i a d ó , B u d a p e s t . 
Th is book is t h e pub l ica t ion of t h e In t e r -
n a t i o n a l Course o r g a n i z e d by t he Biological 
B e s e a r c h Centre of t h e H u n g a r i a n A c a d e m y 
of Sciences ( B B C ) a t Szeged on J u l y 5 — 1 7 t h 
1976 a t t he decision of t he I n t e r n a t i o n a l 
Cell Besea rch O r g a n i z a t i o n ( I C B O ) a n d w i t h 
t he s p o n s o r s h i p of t he U n i t e d Na t ions D e v e l -
o p m e n t P r o g r a m m e ( U N D P ) and the U n i t e d 
N a t i o n s E d u c a t i o n a l , Sc ien t i f i c a n d C u l t u r a l 
O r g a n i z a t i o n ( U N E S C O ) . I t is d iv ided in to 
two m a i n pa r t s . T h e f i r s t p a r t c o n t a i n s t he 
l e c t u r e s g iven by t h e i n t e r n a t i o n a l t e a c h i n g 
s t a f f , o r a b s t r a c t s t he r eo f (pp . 3 -218) , whi le 
t h e s e c o n d p a r t s u m m a r i z e s the m a t e r i a l of 
t he p r a c t i c a l t r a i n i n g ( p p . 221 — 251). 
T h e f i r s t impress ion t h e reader feels w h e n 
o p e n i n g t h e book is o n e of d i s a p p o i n t m e n t 
b e c a u s e t he tab le of c o n t e n t s makes it c lear 
t h a t t h e lec tures de l ive red a t the I n t e r n a t i o n -
al T r a i n i n g Course c o v e r on ly a m i n o r f i e ld 
of t h e cell genet ics of h igher p l a n t s , dis-
cuss ing , in f ac t , t he gene t i c ques t ions of 
t i s sue (cell, t issue, p r o t o p l a s t , pol len) cul-
t u r e s , a n d the resul t s a n d ob jec t ives a t t a i n e d , 
or e x p e c t e d to be a t t a i n e d , in gene t ic re-
sea rch o n h igher p l a n t s b y using v a r i o u s 
m e t h o d s of t issue c u l t u r i n g . On th is bas i s 
" T i s s u e Cul tu re M e t h o d s in Cell Gene t ics of 
H i g h e r P l a n t s " w o u l d h a v e been a b e t t e r 
t i t le b o t h for the t r a i n i n g course a n d for t h e 
hook . T h e i naccu racy of t he t i t le is u n -
m i s t a k e a b l y c o n f i r m e d b y t h e f i rs t p a p e r i n 
t he b o o k , a shor t a b s t r a c t of G. Melchers ' 
i n t r o d u c t o r y lec ture " T h e p resen t s t age of 
p l a n t cell gene t i cs" , f r o m which it b e c o m e s 
o b v i o u s t h a t t he s u b j e c t is t r e a t e d only f r o m 
the v i e w p o i n t of t i s sue cu l tu res . I t is a p i t y 
t h a t t h e i n t r o d u c t o r y l e c t u r e was no t p u b -
l ished in ful l . 
I n spite of the fact that the lectures are 
not grouped according to their subjects , 
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they can be placed according to their char-
acter in f ive groups: 
1. i n t roduc t ion (2 lectures) 
2. m u t a t i o n (2 lectures) 
3. t r a n s f o r m a t i o n (3 lectures) 
4. p ro top l a s t culture (8 lectures) 
5. organelle t ransfer (2 lectures) 
Of the two in t roduc to ry lectures t h a t 
of Melchers has already been ment ioned. 
The other , a lecture given b y H . E . Street , 
under the t i t le "Cell Cultures: a tool in p lan t 
biology", is an excellent comprehens ive work 
tha t sums u p and evaluates the most im-
por tan t resul t s of the past decade, wi th special 
regard to callus and cell cul tures , p lan t 
regenerat ion, cvtological s tab i l i ty , freeze pre-
servat ion, cell cycle and cy tod i f fe ren t ia t ion . 
The second ma jo r group of problems is 
represented b y the phenomenon of mu ta t i on ; 
in this sub j ec t two lectures were held. 
In one of t h e m : "Biochemical m u t a n t s in 
higher p l a n t s " by G. P. Rédei and G. Acedo, 
questions r e l a t ed with m u t a t i o n induct ion 
and m u t a n t isolation, auxo t rophe , regulat ion 
of amino acid util ization, pyr imid ine regula-
tory m u t a n t s and genetic control of f lowering 
are discussed in detail. P . Maliga, in his 
lecture " I s o l a t i o n of m u t a n t s f r o m cul tured 
plant cells", gives a full l i t e ra ry review of 
the res i s tan t and auxo t roph ic cell lines 
reported in t issue crdture, a n d deals in detail 
with the ques t ions of m u t a n t induct ion, 
isolation, ma in tenance , p l a n t regenerat ion 
and inher i t ance . 
The t h r ee lectures delivered in the thi rd 
group were confined, in f ac t , to the general 
problems of p lan t genetic " t r a n s f o r m a t i o n " . 
In the lec ture " In t eg ra t i on of exogenous 
DNA in p l a n t s : a hypothesis awai t ing clear-
cut d e m o n s t r a t i o n " , P. F. L u r q u i n tried to 
briefly review the l i te ra ture in which claims 
in favour of or against specific effects of 
foreign D N A were made and to discuss some 
of the t e chn iques t h a t are or could be used 
in the s t u d y of exogenous D N A - u p t a k e and 
fa te in p l a n t cells. In a lec ture ent i t led 
" H a s D N A corrected genetically thiaminless 
m u t a n t s of Arahidopsis ?" , G. P . Rédei and 
Gregoria Acedo give an answer to this ques-
tion, say ing: "we were unab le to f ind any 
coincidence in f a v o u r of D N A - m e d i a t e d 
correction in the ma te r i a l e x a m i n e d " . F. 
Cannon briefly summar izes the resu l t s of 
physical studies of D N A - u p t a k e b y p lan t 
cells and studies on expression of p roca ryo t i c 
D N A in plant cells, a n d discusses t h e prob-
lems of bacterial t r ans fo rma t ion and plasmid 
const ruct ion in his lec ture "The use of bac-
te r ia l plasmids in p l an t cell genet ics" . 
The four th group of subjects in t he book 
is connected wi th t he theoret ical , m e t h o d o -
logical and appl ica t ional questions of proto-
p las t cultures. O. L. Gamborg , in his lecture 
en t i t l ed " P l a n t p ro top la s t isolation, cul ture 
a n d fus ion" , deals wi th the subject in general , 
a n d sums up those species f rom which proto-
p las t s were isolated and cul tured to fo rm 
dividing cells/plants: he presents the enzymes , 
solut ions and condi t ions for p ro top la s t 
isolation as well as the pro toplas t cul ture 
media . Subsequent ly , he discusses in detail 
t he subjects of induced fusion and develop-
m e n t of fusion p roduc t s . The i n t r o d u c t o r y 
lec ture is followed b y 6 papers discussing 
var ious aspects of th i s subject . I. P o t r y k u s 
e t al. were the f i r s t to give an accoun t of 
in tensive efforts to explore the condi t ions 
which induced sus ta ined cellular division 
in cereal leaf p ro top las t s , under t h e t i t le 
" P r o b l e m s in cu l tu r ing cereal p r o t o p l a s t s " . 
A l though about 80,000 var ia t ions in cul ture 
med ia composi t ions a n d in p lan t mate r ia l 
h a v e been tes ted , these conditions h a v e not 
y e t been found. E . C. Cocking, in his lecture 
" A new procedure for the selection of so-
m a t i c hybrids in p l a n t s " , has a r r ived , on 
t he basis of his own research resul ts , a t the 
conclusion t h a t " in utilizing n a t u r a l dif-
fe ren t ia l sensit ivit ies we have a general ly 
appl icable selection sys t em" . In a lecture 
en t i t l ed "Cytological s tudies on p lan t hetero-
ka ryocy tes — Nuclear behavior" , K . N. Kao 
br ief ly summarizes t he most recent results 
concerning nuclei in subpro top las t , pre-
mi to t i c nuclear fus ion and cell division in 
he te rokaryons . The separat ion of hetero-
ka ryons f rom the ini t ia l cell popula t ions and 
f r o m various fus ion products is one of the 
crucial problems of the fusion t echn ique . 
I n the lecture " T h e effect of selective con-
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dit ions oil the products of p l an t protoplas t 
fu s ion" , delivered by D. Dudi t s , various 
selective procedures such as complementa t ion 
be tween recessive genes, a u x i n au to t rophy , 
p lan t metabol i tes , enzyma t i c detoxif icat ion 
and t e m p e r a t u r e selection are discussed. 
A re la ted question is dea l t wi th by H. H . 
Smi th in the paper "Charac te r iza t ion of 
somat ic hyb r id plants and f u r t h e r exploita-
t ion of a selective s y s t e m " , in which an 
account is given of the resu l t s obtained b y 
using t he Nicotiana t u m o r selection sys tem 
and of possibilities for i ts ut i l izat ion. The 
resul ts of protoplast fus ion carried out in 
f lowering p lants are well complemented b y 
L. Fe renczy ' s studies in t he Aspergillus 
species, a n d by his lecture "Some charac-
terist ics of intra- and interspecif ic protoplas t 
fusion p roduc t s of Aspergillus nidulans and 
Aspergillus fumigatus". 
The f i f t h group of lec tures held at the 
sympos ium is represented b y two lectures 
oil organelle transfer. In the i r lecture "Or -
ganelle t ransfer into isolated p ro top las t " , 
which discusses the sub jec t in full detai l , 
I. P o t r y k u s and H. Lörz t o u c h on the prob-
lem of t he uptake of microorganisms and 
t ry to summarize our p re sen t knowledge 
concerning up take , in tegra t ion , replication 
and expression of cell organelles, and also 
to point ou t some current problems and to 
indicate some future perspect ives . The second 
lecture on the subject has t h e t i t le "The use 
of subpro top las t s for organelle t ransplan-
t a t i o n . " According to R. Ko l lmann and H . 
Binding, " t h e subprotoplas ts are the p roduc t s 
of the f r agmen ta t ion of a cell which f r equen t ly 
lacks a t least one type of organel le" . Some 
observa t ions on subpro top las t s and the i r 
behav iou r in fusion expe r imen t s are deal t 
wi th in the i r paper. 
The possibilities and problems of utilizing 
protoplas t cul tures in p lant virus research 
were summed u p in the last lecture of the 
symposium: " P r o t o p l a s t s : a new tool in 
p lan t virus r e s ea r ch" by G. L. F a r k a s . 
The second chap te r of the book ent i t led 
"P rac t i ca l s " gives a detailed a n d useful 
survey of the mos t i m p o r t a n t methods , 
such as: 
pollen culture (C. Ni tsch) 
protoplas t cu l ture (H . Binding and J . I. 
Nagy) 
protoplas t fus ion wi th polyethylene glycol 
(K. N. Kao) 
up take of nuclei into pro toplas ts (H . Lörz 
and I. P o t r y k u s ) 
up take of a bac te r ia l plasmid b y cells (F. 
Cannon and P. Lurqu in ) 
All in all, the book "Cell Genetics in 
Higher P l a n t s " gives an excellent summar i -
zation of t issue cu l ture invest igat ions con-
nected with the cell genetics of higher p lants . 
I t discusses in deta i l the latest resul ts and 
problems of p l a n t cell genetics. The pro-
minent in t e rna t iona l teaching s taf f hall-
marks the lec tures and the book. I t has the 
advan tage of giving a detailed descr ipt ion 
of the most i m p o r t a n t methods , besides the 
discussion of theore t ica l questions. Accord-
ingly, the book eff ic ient ly complements the 
works recent ly publ ished in this field and 
adds to the success and f ru i t fu lness of the 
in ternat ional t ra in ing course organized a t the 
Biological Research Centre of the H u n g a r i a n 
Academy of Sciences, Szeged. The rich 
mater ia l of the hook offers subs tan t ia l help 
in basic and appl ied research on p lan t cell 
genetics and t issue cul tures t h e r e b y pro-
moting the f u r t h e r development of th is field 
of plant biology. 
I , . H E S Z K Y 
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MARÔTI MIHÁLY 
A NÖVÉNYI 
SZÖVET-
TENYÉSZTÉS 
MARÓTI M.: A növényi szövettenyésztés 
alapjai (Tissue cu l tu res of plants) . A k a d é m i a i 
Kiadó , Budapes t , 1976. 345 p. 
The hook p resen t s the me thodo logy of 
pro toplas t , cell, t issue, organ a n d embryo 
cultt ires and t he results of inves t iga t ions 
in connection w i t h two decades of experi-
m e n t a l work carr ied out b y t he au thor . 
T h e 345-page work , wri t ten in H u n g a r i a n , 
conta ins 82 b lack-and-whi te and 32 colour 
p la tes , and a b ib l iography d iv ided into 
chapters . 
After the in t roduc t ion , which dea ls wi th 
t h e problems of eell biology and t h e physi-
ology of plant organizat ion, the a u t h o r gives 
a survey, in six chap te rs , of the in t e rac t ion 
be tween the metabol i sm and b io fac to r s 
influencing d i f fe ren t ia t ion , wi th a critical 
eva lua t ion . 
The chapter "Cul tu res of i so la ted p lan t 
p a r t s " discusses t he utilization of sterile 
a n d isolated o rgan cultures in s t u d y i n g the 
correlat ions of p l a n t organization. T h e action 
mechanism of h o r m o n e t r e a t m e n t a n d the 
ef fec t iv i ty of in terre la t ions can he separa ted 
f rom the metabolic processes only u n d e r 
controlled condit ions, so resul ts can only be 
considered exact and ver i f ied when obta ined 
by such methods . The historical review of 
organ cul tures conf i rms th i s view. 
In t he chapter "Metabo l i sm of isolated 
plant p a r t s " the impor t ance of the inorganic 
(macro- and microe lements ) and organic 
(ni t rogen and carbon sources, v i tamins , e tc . ) 
composi t ion of cul ture media is dealt wi th 
in the fo rm of a comprehens ive review of 
cul tures , which, in fac t , serves as a theoret ical 
basis for choosing the ac tua l cul ture medium. 
Besides he tero t rophic ca rbon assimilation, 
the possibilities of pho tosyn the t i c carbon 
dioxide f ixa t ion in isolated cultures are also 
considered in connect ion wi th chlorophyll 
f o rma t ion . The organiza t iona l basis of au to -
t rophic carbon me tabo l i sm (photosynthesis) 
is chlorophvll fo rma t ion , as well as regular 
chloroplast deve lopment , and i l luminat ion 
comes in to effect as an ex te rna l condit ion. 
Photosynthes i s is also inf luenced by m a n y 
endogenous fac tors ; the s t imula to ry effects 
of cytokinins are par t i cu la r ly well-known. 
The chlorophyll con ten t of isolated cul tures 
is general ly a f ract ion of t h a t found in in tac t 
p lan t organs. The in tens i ty of the Hill 
reac t ion , on the o ther h a n d , increases wi th 
the rise in the a tmospher ic carbon dioxide 
level (2° 0 ) , while there is a s imultaneous 
decrease in cell respi ra t ion . To isolated o rgan 
cul tures the pho tosyn the t i c carbon dioxide 
f ixa t ion is correlated w i t h the protein con-
t en t a n d with the in tens i ty of ni trogen 
assimilat ion. In p lan t organ cultures n i t ra te 
has recent ly been added to the free-amino 
acid mix tu re s ; this decreases the deamina t ion . 
The metabol i sm of isolated organs is regula ted 
by a hormone in ter re la t ion , based pr imari ly 
on the act ion mechan i sms of auxin, gibbe-
rellin and cytokinin. Research results con-
cerning factors act ing on the regulation of 
callus induct ion and aux in synthesis are 
discussed by the a u t h o r in full detail. Oil 
the sub jec t of gibberellin and cytokinin 
in terac t ion the influence exer ted on nucleic 
acid synthesis is deal t wi th in full ; this is 
very i m p o r t a n t f rom a theoret ica l point of 
view, though the a u t h o r ' s conclusions are 
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always modera te . Especial ly , impor tan t are 
the s tudies on the action mechanism of exog-
enous fac tors in isolated organs, which 
specifically inhibit or s t imula te growth a n d 
me tabo l i sm with respect to hormone in ter-
re la t ion . 
The chap te r " G r o w t h , different iat ion a n d 
organogenesis of isolated p lan t p a r t s " con-
siders t h e organizat ion processes of o rgan , 
callus a n d cell cul tures in relation to each 
o ther . The culturing of isolated embryo a n d 
seed p r imord ia is a modern and well-proven 
me thod in genetics and p l an t breeding, which 
the a u t h o r compares to the development 
processes of protoplas t cul tures , regenera ted 
embryo ids and reorganized zygotes.'Idle o rgan 
cul tures ( root , shoot, leaf and flower) provide 
tes t ma te r i a l for m a n y theoret ical quest ions 
of p l a n t evolut ion (biosynthesis , hormone 
in ter re la t ion , etc.), and in addition supply 
results which can he used in the product ion 
of elite propagat ion s tock for virus-free 
(reduced virus conten t ) cult ivated p l an t s 
( f ru i t t rees , o rnamenta l p lan ts , etc.). T o d a y 
organ cul tures are used in relatively large 
quan t i t i e s by hor t icu l tura l i s t s to reduce 
viruses. Par t icu lar emphas i s is laid in th is 
chap t e r on research resul ts obtained w i t h 
a n t h e r a n d pollen cul tures , where in an the r s 
isolated a t the premeiot ic stage, meiosis a n d 
microsporogenesis took place normally u n d e r 
the inf luence of special biofactors. L i te ra ry 
da t a concerning callus cul tures are discussed 
b y the a u t h o r in connect ion with m a n y 
expe r imen ta l results, m a n y of them his own. 
Besides the detailed descr ipt ion of technical 
procedures , the p resen ta t ion of the d i f ferent 
types of organ induct ion and the re la ted 
metabolic-physiological changes is h ighly 
va luab le . Many original d a t a are presented 
on t he ho rmona l regula t ion of p lant organ 
fo rma t ion , too. The mos t efficient me thod 
of cell cu l tu r ing is to p repa re cell suspensions 
in special cultures. In shaken cultures t he 
isolated cells remain isola ted, or show a 
special d i f ferent ia t ion , t he methodology and 
results of which are p resen ted in connection 
with the au tho r ' s own exper imenta l da t a . 
The organiza t ion and embryogenesis of 
somat ic diploid cells are demons t ra ted b y 
means of accessory embryo f o r m a t i o n start ing 
f rom a single isolated cell. Af t e r t h e develop-
ment of prol i fera t ion po in ts , accessory 
embryogenesis of ten reaches t h e torpedo 
stage, according to the expe r imen ta l results 
presented. The au tho r gives e x a m p l e s of full 
p lan ts organized f rom embryogen ic cells 
as well. A whole plant m a y also develop 
f rom the pollen (microspore) b y induct ion, 
b u t this will he haploid. Some cases of the 
la t ter have a l ready been pub l i shed , hut the 
author also discusses his own exper imen ta l 
results in deta i l . The original exper imenta l 
results are of special impor t ance because 
the test was per formed with ca r ro t (Daucus 
carota) and docs not thus refer to the Sola-
naceae genera like the earlier d a t a . Besides 
the methodology of prepar ing p l a n t proto-
plast cul tures, the mechanism of protoplas t 
fusion is also described, which m a k e s the 
chapter very up- to-date . The g r o w t h , di-
vision, fusion, histo- and morphogenes is of 
protoplas t cu l tures are described u p to the 
development of the whole p lan t . N e w vistas 
have been opened up for phy togene t i c 
research into pro top las t hybr id iza t ion (homo-
caryotic and heterocaryot ic cell hybrids) , 
which are of great impor tance no t only 
f rom a theoret ica l point of v iew, b u t also 
because they represent a new t e n d e n c y in 
practice, due to their impl icat ions in plant 
breeding. The me thods of somat ic ( in t ra - and 
interspecific) hyb r id produc t ion , a n d the 
evolut ionary a n d genetic charac ter iza t ion of 
the hybrids are also discussed: t hese are not 
only new f r o m a genetic point of view, but 
are also sui table for inducing t r ans fo rma-
t ion, progressive muta t ion and modif ica t ion 
through part ia l genome in t roduc t ion . Beyond 
this , p ro toplas t cultures can be u s e d to ana-
lyze the mechan i sm of plant v i rus infections 
and the b iochemis t ry of virus p ropaga t ion . 
The chap te r "Tumorous t issue cu l tures" 
summarizes t he results a t ta ined in investi-
gations into the organization character is t ics 
of tumours induced by bac te r i a and by 
viruses, those of genetic origin a n d those of 
unknown cha rac te r . H a b i t u a t e d tumours 
(which divide a n d grow i n d e p e n d e n t l y of 
auxin) are deal t wi th in full de ta i l in con-
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nec t ion with the i n t e r p l a y of endogenous 
b iofac tors . The t issue growth induced b y 
f ac to r s which play a p a r t in tumour induc t ion 
is n o t of a sel f - regulat ing nature. The char -
ac ter i s t ic difference be tween the o rgan ic 
m a t t e r levels in t u m o r o u s tissues and n o r m a l 
t i ssues provides i n f o r m a t i o n 011 the p a t h o -
logical metabolism, a n d investigations h a v e 
been focussed on t h e reversibil i ty of m e t a b -
olic reorientation. D a t a are [»resented 01» 
soma t i c cell hybr ids in which a t u m o u r of 
genet ic origin has f o r m e d . The analysis of 
t he induction of a gene t i c tumour is an im-
p o r t a n t contr ibut ion t o the comparison of 
t u m o u r s induced b y non-oncogenic f ac to r s . 
T h e chapter " F i e l d s of appl icat ion of 
p l a n t cul tures" s u m m a r i z e s the possibili t ies 
of direct and ind i rec t practical u t i l i za t ion . 
T h e synthesis of a n u m b e r of pha rmaceu t i ca l 
a n d chemical basic m a t e r i a l s under control led 
condi t ions is p lanned 011 the basis of t h e re-
su l t s of earlier successfu l pilot expe r imen t s . 
F o r example, of t h e alkaloids, a t rop ine , 
(Atropa belladonna), nicotine (Nicotiana 
tabacum), hioscine (Datura stramonium), 
e tc . ; of the glycosides, scopoline and scopo-
le t ine (Nicotiana tabacum), the s teroid 
glycosides (cortisone precursor hecogenine) 
(Agave toumeyana), digitoxigenine (Digi-
talis purpurea), e tc . , which are some of the 
m o s t impor tant basic mater ia ls , have a l r eady 
been economically e x t r a c t e d using indus t r i a l 
f e rmen ta t i on t echn iques . The p roduc t ion of 
vola t i le oils, t e rpenes and f lavonoids , etc . 
t h r o u g h tissue cu l tu res has also been solved. 
T h e mericlone r e p r o d u c t i o n of p l an t s (de-
ve lopmen t of clones t h r o u g h meristemic t issue 
cul tures) is aimed p a r t l y at p roduc ing a 
v i rus- f ree elite p r o p a g a t i o n stock on a f a r m -
scale, and par t ly a t providing a m e t h o d 
su i tab le for widening t h e range of var ie t ies 
in the breeding of valuable o r n a m e n t a l 
p l a n t s (e.g. orchids). The author descr ibes 
in detail the m e t h o d o l o g y of mer ic lone 
reproduct ion in o r ch id cult ivat ion. 
The chapter dea l ing wi th "General tech-
nical problems of i so la ted cu l tu r ing" con-
t a i n s the me thodo logy and implements re-
qu i red for organ, t i s sue and cell cu l tu r ing , 
t he types of s te r i l iza t ion and the compo-
sition of cu l ture media in suff icient detail 
to be of prac t ica l use. 
The a u t h o r presents a h ighly competent 
account of the exper imental results of the 
new t echno logy and t r end in plant cell 
biology a n d the metabol ism on which t hey 
are based . The work is v e r y thorough and 
is supplied wi th a full range of the re levant 
l i te ra ture . 
B . I . P O Z S Á R 
STUDIES about HUMUS 
T r . n f « c t l o n of I X « I n t . r r M t l o n i l » » m p o . i u m 
Humus et P lanta VI 
ЭТЮДЫ о ГУМУСЕ 
Сборник докладов международно о Симпозиума 
Humus et Planta VI 
Studies about humus. Transac t ions of the 
I n t e r n a t i o n a l Symposium, H u m u s et P l a n t a 
VI. ( E d i t e d by В. N o v a k , J . Pokorná-
Konová , F . Кипе, J . K u b á t , J . Damaska) 
Prague 1975. 489. 
This 489-page publ icat ion in English and 
Russ ian conta ins the ma te r i a l of 86 lectures 
delivered a t the Sympos ium " H u m u s et 
P lan ta V I " held in P rague between 18th 
and 22nd Augus t 1975. 
The conference was organized by t he 
Research Ins t i tu te of P l a n t Product ion , 
P r a g u e - R u z y n e , with the assistance of the 
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F a c u l t y of A g r o n o m y , Agricul tural Uni-
vers i ty of P r a g u e and the Czechoslovak 
Society for Agr icu l tu ra l , Sylvicul tural and 
Food Sciences of t h e Czechoslovak Academy 
of Sciences, D e p a r t m e n t of Soil Sciences. 
The editors h a v e dedicated the publi-
ca t ion to Prof. P h D r . Silvester P r á t DrSc. , 
member of the Czechoslovak A c a d e m y of 
Sciences, f ounde r of the Prague Sympos ia 
on " H u m u s et P l a n t a " . 
The i n t roduc to ry report by Mr. B o h u m i r 
N o v a k . Cha i rman of the conference, gives 
a 9-point su rvey of Czechoslovak h u m u s 
research and calls a t tent ion to t he fact 
t h a t the problems deal t with in t he papers 
included in the publ ica t ion compose the sub-
j ec t of research in other developed agri-
cu l tura l countr ies as well. These sub j ec t s are: 
1. the bulk of b o u n d plant n u t r i e n t s 
2. the adsorp t ion capacity 
3. subs t ra te fo r soil organisms, esp. soil 
microorganisms 
4. capabil i ty t o form the soil s t ruc ture 
elements 
5. chelating of h e a v y metals 
6. appropr ia te r a t e of mineral izat ion 
7. t e m p o r a r y immobilization of plant 
nu t r ien ts , esp . nitrogen 
8. ability to de tox ica t e the biocide residues 
9. s t imula t ing e f fec t s on the p l a n t growth. 
If we wish to fol low the historical develop-
m e n t of h u m u s research and the f ields of 
research dur ing the past 3— 4 decades 
interest ing o b s e r v a t i o n s can be m a d e by 
surveying the s u b j e c t s of the pape r s and the 
n u m b e r of l ec tures delivered on the di f ferent 
subjec ts . In the f i r s t place, it can be estab-
lished tha t i n t e re s t in the direct re la t ionship 
between h u m u s a n d plant n u t r i t i o n has 
decreased. This is no t , in fac t , surprising. 
W i t h the high r a t e of fert i l ization applied 
in agriculture t o d a y the nu t r ien t - supply ing 
role of h u m u s has ceased to be of a decisive 
character . At t he same time, in te res t in the 
role of humus as a nu t r ien t carrier, especially 
of microelements , ha s increased. T h e reason 
for this seems to be an increased interest 
in microelements ra ther than in h u m u s 
research. The organominera l c o m p o n e n t s of 
the soil, pa r t i cu la r ly microelements and the 
cbe la te - type complexes in the humus , are 
at t h e centre of scient i f ic interest . Works 
b y M. Andrzejewski—Rosikiewicz; Sapek ; 
S. Krystanov— E. F i l cheva ; N. A. Vlasov— 
A. I . Mikhaylova; F. D. Ovcharenko et al. 
and W . Rochus deal w i t h these quest ions . 
T h e development of biochemical separa-
t ion techniques and m e t h o d s of chemical 
s t r u c t u r a l analysis also makes its effect felt 
in h u m u s chemistry. 
I u this range of sub jec t s we f ind papers 
on ex t rac t ion and pur i f ica t ion techn iques 
(P. Sequi et al.: I. S. S t e p a n o v ; О. H. Danne-
berg; Laka tos et al.). The heterogenei ty of 
o rgan ic mat te r in the soil, the f r ac t iona t ion 
of t h e organic m a t t e r and the physico-
chemical character izat ion of the f rac t ions 
are dea l t with by m a n y authors . The mos t 
divers i f ied forms of ch romatograph ic a n d 
e lect ropboret ic t echn iques have been used 
in f rac t iona t ing h u m o u s substances , as m a y 
be seen from the works of M. Valla: L. 
P a v e l ; G. Cacco et al . ; J . Wi t thaue r ; G. 
Guidi et al. The e l e m e n t a r y composi t ion 
of h u m o u s substances, their physicochem-
ical proper t ies and the spectroscopic exami-
na t ion of their s t ruc tu res are discussed in a 
n u m b e r of works. T h e microe lementary 
ana lyses and DTA examina t ions of G. 
Giovanni et al. and t he pyrolysis-gas-
chromatographic s tudies of F. Mart in and 
C. Saiz-Jiménez are especially in teres t ing. 
The resul ts of DTA examina t ions are also 
p re sen ted by P. J a m b u and T. Dupu i s . 
P. Sklodovski publishes the results of in f ra -
red spec t rophotomet ry . H . Lenz compares 
R a m a n spectra with J R spec t ra , and p resen t s 
the resu l t s of s t ruc tura l examina t ions carr ied 
out l>y PNMR spec t romet ry , NMR spectro-
m e t r y and X-ray d i f f r ac t ion . B. M. Kres s 
discusses the relat ionship between the phos-
phorescence of humous subs tances and the i r 
chemical s tructure. 
Modelling the f o r m a t i o n of the h u m u s 
complex by chemical a n d microbiological 
m e t h o d s , is the sub jec t of the nex t g roup 
of p a p e r s published in t he book. The a u t h o r s 
are : W . Sievert; M. K o n o n o v a ; L. V. Alek-
s a n d r o v a ; N. N. Z h d a n o v a et al.; F. Gu lyás ; 
J . Szegi; I. D. Dzuman iyazov . A large n u m -
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her of papers dealing wi th the humif icat ion 
of var ious subs t ra tes , inc lud ing their con-
ditions, microbiology and enzymological pro-
cesses, also belong essential ly to this range 
of subjects . Such are the works of N. N. 
Zhdanova e t al.; F. G u l y á s — J . Szegi; 
В. N ó v á k : I. I). D z n m a n i y a z o v ; Wójcik et 
al.: J . P o k o r n á - K o n o v á ; J . P . E . Anderson; 
J . К. Domsch ; A. D u b o v s k á et al.; К . 
Sóidra; S. H. A. Chulakov; T . G. Ziinenko; 
J . N o v á k o v á ; F. Kunc ; У. Cizek; Th . Wei-
chelt; B ö n i s c h o v á — F r a n k l o v á ; M. Tesarová 
— J . Gloser; P . G. Arca ra—C. Piovanell i ; 
J . K u b á t В. Nóvák ; W . Z iechmann et al.; 
S. Cervelli e t al.; T. A. S h c h e r b a k o v a — N. A. 
Calushko; P . Nannipier i e t al. and N. C. 
Panikov et al. 
Papers on humus research of an agro-
nomical charac te r , or r e l a t ed with plant 
nut r i t ion , or discussing the inf luence of other 
agrotechnical factors , were presented by 
G. Müller W . Heisig; J . de Leva i ; R. Apfel-
tha le r : A. P u t i k o v á n В. Nóvák ; V. N. 
Prokoshev; I. Ha rg i t a i et al.; E. M. V a r j u ; 
К . V. D y a k o n o v a ; V. A. Semenov e t al.; 
F . Löbl et al.: L. Pryczkova ; M. Niklewski 
e t al . ; S. Guminski J . Sulej; V. L. S t a n c h e v 
et al.; Y. Tichy-—Hoang Kiin P h u o n g ; 
G. Petruzzelli e t al . ; G. Dell 'Agnola — G. 
Fe r r a r i ; V. A. Semenov ; V. V a n c u r a ; Th. 
Beck ; S. So t áková—Y. Mucha a n d A. N. 
Nebols in—Z. P. Nebolsina. 
The nine lec tures t h a t deal wi th t h e hu-
m u s research aspec ts of soil genetics p resen t 
h u m u s fo rma t ions a n d phenomena re la ted 
w i t h these f o r m a t i o n s in connect ion wi th 
t he cl imatic and geological condi t ions . The 
a u t h o r s of these works are: F. J acqou in et al.; 
F . Lemaire ; T. D u p u i t s et al.; L. M a n u s e v a 
O. S to janovic ; B. G r u n d a ; B. Uleh lová et 
al . ; E . G. Vuchre r e t al.; G. P. P e t r o s y a n 
et al. and M. P . A r a n b a e v — E . Y. A r a n b a e v a . 
L . G Á S P Á R 
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